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From:
To:
Subject:
Date:

Joyce Donohue

Donohue, Joyce

Fw: Answering Sussman's Questions on Fluoride
Thursday, May 02, 2013 2:14:59 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:51 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Cc: Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne
Miller/DC/USEPA/US@EPA

Date: 11/22/2010 01:55 PM

Subject: Re: Fw: Answering Sussman's Questions on Fluoride

| put our numbers in red next to yours in your second Table. It is pretty clear that there is a
considerable difference in the mean water intake as well as difference in food and beverage totals

Michael Doherty---11/22/2010 01:05:14 PM---All, The numbers | sent out last week were pulled
together from our risk assessment document and a f

Michael Doherty/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
' Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 01:05 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
All,

The numbers | sent out last week were pulled together from our risk assessment document and a few
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older dietary runs. In order to confirm the values | was getting, | re-did the numbers today using new
dietary modeling runs. The 1-4 age group has been divided into 1-2 and 2-4 in order to be able to
make aggregate estimates that leave out F from toothpaste for those under 2 (per FDA
recommendations). The 1-4 group is also portrayed intact. Below are my assumptions and what |
came up with.

Hopefully this helps clarify where the OPP estimates are coming from.

Mike

Assumptions:
- Average consumption of foods, beverages, and drinking water
- Indirect water (beverages) = 0.87 mg F/L
- Direct water (drinking water) = 0.00 mg F/L
- SF and soil are the only other contributors (no contribution from toothpaste)

Exposure estimates and fluoride concentration determinations

(years)|[(mg/kg/day) (kg)* Water in

(L/day)* Water

Age Food + SF Soil Total RfD - Total || Body Avg. Maximum
Range || Beverages |[(mg/kg/day)||(mg/kg/day)||(mg/kg/day)||(mg/kg/day)||Weight|| Drinking F Conc.

Consumption|| Drinking

(mg/L)
0.5 -1| 003996 || 00027 | 00018 || 0.04446 | 0036 || 104 || 0173 | 21 |
| 1-2 || 003132 || 0.003* | 0.0027** || 0.03702 || 0043 |[127 || 0242 | 23 |
| 2-4 || 0.02743 || 0.003* | 0.0027** | 0.03313 || 0047 |[156 | 0322 | 23 |
| 1-4 || 0.02868 || 0.03 | 00027 | 003438 || 0046 |[145 | 0292 | 23 |
| 47 || 002215 || 00029 | 00019 | 002695 || 0051 |[210| 0383 | 29 |

* Averages taken from CSFIl via DEEM-FCID.
** Assumed to be the same as the 1-4 year old group

Here are the same numbers accounting for body weight at the front end (i.e., exposure in mg/day) for
easier comparison w/ OW estimates.

Age Food + SF Soil Total RfD - Body ||Avg. Drinking || Maximum
Range || Beverages || (mg/day) || (mg/day) || (mg/day) Total Weight Water F Conc. in
(years) || (mg/day) (mg/day) || (kg)* ||Consumption || Drinking
(L/day)* Water
(mg/L)
05-1 0.416 0.028 0.019 0.462 0.370 10.4 9 |/ 0.173 0.467 21
0.25 0.02
| 1-2 || 0398 | 0.038* || 0.034* | 0470 || 0546 | 127 || 0242 || 23
| 2-4 || 0428 | 0047 || 0.042% || 0517 | 0731 | 156 | 0322 | 23
1-4 0.416 0.044 0.039 0.499 0.661 |[14.5 14| 0.292 0.349 2.3
0.52 0.04
4.7 0.465 0.061 0.040 0.566 1.114 |[|21.0 21| 0.383 0.442 29
0.89 0.04

* Averages taken from CSFIl via DEEM-FCID.
** Assumed to be the same as the 1-4 year old group on a mg/kg/day basis






Joyce Donohue---11/19/2010 04:25:19 PM---1Is the water in your beverage category fluoride free? In
the three age groups represented in our da

Joyce Donohue/DC/USEPA/US

From:
Michael Doherty/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
' Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 04:25 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Is the water in your beverage category fluoride free? In the three age groups represented in our data
all of the water used to prepare the beverages was deionized distilled. | realize that would not explain
why your values are always lower than those in the studies we selected. Our beverage values did
come from a study conducted in the South during summer months.

In my opinion, 2 mg/L would not pass the logic test unless the dietary contribution of fluoride has not
changed at all since the 1930's when it was about 13% of the total.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/19/2010 04:06:09 PM---All, The mathematics being used by our two offices
match up. The difference in the "allowable" leve

Michael Doherty/DC/USEPA/US
From:

Elizabeth Doyle/DC/USEPA/US@EPA
To:

Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce

Ce: Donohue/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
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Wynne Miller/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA
11/19/2010 04:06 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

All,

The mathematics being used by our two offices match up. The difference in the "allowable" level in
water is due, primarily, to differences in the numbers being used for the contribution from foods and
beverages.

For foods and beverages, we have the following differences (estimates in mg/day)

| Office || 0.5 - 1 year H 1- 4 year || 4 -7 year ‘
| ow | 0.25 | 0.52 I 0.89 \
| OPP | 0.42 | 0.42 | 0.46 \

There are also a difference in body weight for the youngest group (OW = 9 kg, OPP = 11 kg) and a
slight difference for the 1-4 year olds (OW = 14 kg, OPP = 14.6 kQ).

In terms of the precision of the numbers available to us, | don't think there's any difference between
1.94 and 1.5 mg F/L that we should hang our hats on. | still maintain that given the different way that
our two offices are deriving their estimates, the values are in remarkable agreement. There are
strengths and weaknesses with both approaches, and | don't think that one is better than the other. My
recommendation would be that for this type of determination, we round to the nearest whole number, in
this case 2 mg/L.

Mike

Elizabeth Doyle---11/19/2010 01:42:55 PM---Kelly, The concentrations by age for the mean intake
are exactly that. We believe that your estimat

Elizabeth Doyle/DC/USEPA/US
From:

Kelly Sherman/DC/USEPA/US@EPA
To:

Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
ce: Donohue/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
' Wynne Miller/DC/USEPA/US@EPA
11/19/2010 01:42 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Kelly,





The concentrations by age for the mean intake are exactly that. We believe that your estimate is too
high in all cases.

Kelly Sherman---11/19/2010 12:55:49 PM---Thanks, Joyce. Your concentration calcuations are
helpful, but they don't directly answer Sussman's

Kelly Sherman/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA,
' Michael Doherty/DC/USEPA/US@EPA
11/19/2010 12:55 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks, Joyce. Your concentration calcuations are helpful, but they don't directly answer Sussman's
question, which is -- what changes have to happen to the other sources of fluoride exposure in order to
keep the sulfuryl fluoride tolerances.

Specifically, he wants to know what the water concentration would have to be to keep the aggregate
exposure estimate for children younger than 4 years below the RfD of 0.08 if we assume (1) no fluoride
exposure from toothpaste; (2) mean water intake; and (3) SF is a source of exposure.

Our calculations show that the answer to that question is 1.97 mg F/L. Do you get the same answer to
that question?

Re the population estimates - thanks for the information. We need to caucus here to figure out exactly
what to relay back to Sussman.

Thanks!

Kelly Sherman

Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue---11/19/2010 11:47:37 AM---Dear Kelly: Attached are our calculations for the three
youngest age levels in our analysis. Our re

Joyce Donohue/DC/USEPA/US
From:

Kelly Sherman/DC/USEPA/US@EPA
To:





Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

11/19/2010 11:47 AM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Dear Kelly:

Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations at
the 90th percentile drinking water intakes which are used by the Office of Water. Please let me know if
you have any questions?

[attachment "Concentration and population estimates_wfm.doc" deleted by Elizabeth
Doyle/DC/USEPA/US]

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Answering Sussman"s Questions on Fluoride
Date: Thursday, May 02, 2013 2:16:00 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:51 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Cc: Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne
Miller/DC/USEPA/US@EPA

Date: 11/22/2010 10:36 AM

Subject: Re: Fw: Answering Sussman's Questions on Fluoride

That makes it even stranger that your values are lower than ours. In the study we used for the 1 to <
4 and 4 to <7 age groups, all of the fluoride would have come from the commercial water and the raw
materials used to make the beverages. Indirect water added at home and milk were excluded. The
Pang et al. study did include fruit juice which we identify as a limitation. If a substantial portion of the
juice was derived from grapes that would have tended to increase the amount of fluoride in our
estimate because of the cryolite. All of the indirect water added in a home setting is included with the
drinking water not the beverages.

Michael Doherty---11/22/2010 09:43:25 AM---Beverages, as indirect water, were at 0.87 mg/L.

Michael Doherty/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
' Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 09:43 AM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Beverages, as indirect water, were at 0.87 mg/L.
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Joyce Donohue---11/19/2010 04:25:19 PM---Is the water in your beverage category fluoride free?
In the three age groups represented in our da

Joyce Donohue/DC/USEPA/US

From:
Michael Doherty/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
’ Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 04:25 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Is the water in your beverage category fluoride free? In the three age groups represented in our data
all of the water used to prepare the beverages was deionized distilled. | realize that would not explain
why your values are always lower than those in the studies we selected. Our beverage values did
come from a study conducted in the South during summer months.

In my opinion, 2 mg/L would not pass the logic test unless the dietary contribution of fluoride has not
changed at all since the 1930's when it was about 13% of the total.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/19/2010 04:06:09 PM---All, The mathematics being used by our two offices
match up. The difference in the "allowable" leve

Michael Doherty/DC/USEPA/US

From:
Elizabeth Doyle/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
ce: Donohue/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,

Wynne Miller/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA



http://epa.gov/waterscience/



11/19/2010 04:06 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

All,
The mathematics being used by our two offices match up. The difference in the "allowable" level in
water is due, primarily, to differences in the numbers being used for the contribution from foods and

beverages.

For foods and beverages, we have the following differences (estimates in mg/day)

| Office I 0.5 - 1 year I 1 - 4 year | 4 -7 year
| ow I 0.25 | 0.52 | 0.89
| OPP I 0.42 | 0.42 | 0.46

There are also a difference in body weight for the youngest group (OW = 9 kg, OPP = 11 kg) and a
slight difference for the 1-4 year olds (OW = 14 kg, OPP = 14.6 kg).

In terms of the precision of the numbers available to us, | don't think there's any difference between
1.94 and 1.5 mg F/L that we should hang our hats on. | still maintain that given the different way that
our two offices are deriving their estimates, the values are in remarkable agreement. There are
strengths and weaknesses with both approaches, and | don't think that one is better than the other.
My recommendation would be that for this type of determination, we round to the nearest whole
number, in this case 2 mg/L.

Mike

Elizabeth Doyle---11/19/2010 01:42:55 PM---Kelly, The concentrations by age for the mean intake
are exactly that. We believe that your estimat

Elizabeth Doyle/DC/USEPA/US
From:

Kelly Sherman/DC/USEPA/US@EPA
To:

Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
ce: Donohue/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
' Wynne Miller/DC/USEPA/US@EPA
11/19/2010 01:42 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Kelly,





The concentrations by age for the mean intake are exactly that. We believe that your estimate is too
high in all cases.

Kelly Sherman---11/19/2010 12:55:49 PM---Thanks, Joyce. Your concentration calcuations are
helpful, but they don't directly answer Sussman's

Kelly Sherman/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA,
' Michael Doherty/DC/USEPA/US@EPA
11/19/2010 12:55 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks, Joyce. Your concentration calcuations are helpful, but they don't directly answer Sussman's
guestion, which is -- what changes have to happen to the other sources of fluoride exposure in order to
keep the sulfuryl fluoride tolerances.

Specifically, he wants to know what the water concentration would have to be to keep the aggregate
exposure estimate for children younger than 4 years below the RfD of 0.08 if we assume (1) no fluoride
exposure from toothpaste; (2) mean water intake; and (3) SF is a source of exposure.

Our calculations show that the answer to that question is 1.97 mg F/L. Do you get the same answer to
that question?

Re the population estimates - thanks for the information. We need to caucus here to figure out exactly
what to relay back to Sussman.

Thanks!

Kelly Sherman

Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue---11/19/2010 11:47:37 AM---Dear Kelly: Attached are our calculations for the three
youngest age levels in our analysis. Our re

Joyce Donohue/DC/USEPA/US
From:

Kelly Sherman/DC/USEPA/US@EPA
To:





Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

Cc:
11/19/2010 11:47 AM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
Dear Kelly:

Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations
at the 90th percentile drinking water intakes which are used by the Office of Water. Please let me
know if you have any questions?

[attachment "Concentration and population estimates_wfm.doc" deleted by Elizabeth
Doyle/DC/USEPA/US]

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Answering Sussman"s Questions on Fluoride
Date: Thursday, May 02, 2013 2:16:56 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:51 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Cc: Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne
Miller/DC/USEPA/US@EPA

Date: 11/19/2010 04:25 PM

Subject: Re: Fw: Answering Sussman's Questions on Fluoride

Is the water in your beverage category fluoride free? In the three age groups represented in our data
all of the water used to prepare the beverages was deionized distilled. | realize that would not explain
why your values are always lower than those in the studies we selected. Our beverage values did
come from a study conducted in the South during summer months.

In my opinion, 2 mg/L would not pass the logic test unless the dietary contribution of fluoride has not
changed at all since the 1930's when it was about 13% of the total.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/19/2010 04:06:09 PM---All, The mathematics being used by our two offices
match up. The difference in the "allowable” leve

Michael Doherty/DC/USEPA/US
From:

Elizabeth Doyle/DC/USEPA/US@EPA
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To:

Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
Ce: Donohue/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
’ Wynne Miller/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA
11/19/2010 04:06 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

All,
The mathematics being used by our two offices match up. The difference in the "allowable" level in
water is due, primarily, to differences in the numbers being used for the contribution from foods and

beverages.

For foods and beverages, we have the following differences (estimates in mg/day)

| Office I 0.5 - 1 year | 1 - 4 year I 4 -7 year
| ow I 0.25 | 0.52 | 0.89
| OPP I 0.42 | 0.42 | 0.46

There are also a difference in body weight for the youngest group (OW = 9 kg, OPP = 11 kg) and a
slight difference for the 1-4 year olds (OW = 14 kg, OPP = 14.6 kg).

In terms of the precision of the numbers available to us, | don't think there's any difference between
1.94 and 1.5 mg F/L that we should hang our hats on. | still maintain that given the different way that
our two offices are deriving their estimates, the values are in remarkable agreement. There are
strengths and weaknesses with both approaches, and | don't think that one is better than the other.
My recommendation would be that for this type of determination, we round to the nearest whole
number, in this case 2 mg/L.

Mike

Elizabeth Doyle---11/19/2010 01:42:55 PM---Kelly, The concentrations by age for the mean intake
are exactly that. We believe that your estimat

Elizabeth Doyle/DC/USEPA/US
From:

Kelly Sherman/DC/USEPA/US@EPA
To:

Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
ce: Donohue/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
' Wynne Miller/DC/USEPA/US@EPA
11/19/2010 01:42 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:






Kelly,

The concentrations by age for the mean intake are exactly that. We believe that your estimate is too
high in all cases.

Kelly Sherman---11/19/2010 12:55:49 PM---Thanks, Joyce. Your concentration calcuations are
helpful, but they don't directly answer Sussman's

Kelly Sherman/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA,
' Michael Doherty/DC/USEPA/US@EPA
11/19/2010 12:55 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks, Joyce. Your concentration calcuations are helpful, but they don't directly answer Sussman's
guestion, which is -- what changes have to happen to the other sources of fluoride exposure in order to
keep the sulfuryl fluoride tolerances.

Specifically, he wants to know what the water concentration would have to be to keep the aggregate
exposure estimate for children younger than 4 years below the RfD of 0.08 if we assume (1) no fluoride
exposure from toothpaste; (2) mean water intake; and (3) SF is a source of exposure.

Our calculations show that the answer to that question is 1.97 mg F/L. Do you get the same answer to
that question?

Re the population estimates - thanks for the information. We need to caucus here to figure out exactly
what to relay back to Sussman.

Thanks!
Kelly Sherman
Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue---11/19/2010 11:47:37 AM---Dear Kelly: Attached are our calculations for the three
youngest age levels in our analysis. Our re

Joyce Donohue/DC/USEPA/US





From:

Kelly Sherman/DC/USEPA/US@EPA

To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric

ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 11:47 AM

Date:
Re: Fw: Answering Sussman's Questions on Fluoride

Subject:

Dear Kelly:

Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations
at the 90th percentile drinking water intakes which are used by the Office of Water. Please let me
know if you have any questions?

[attachment "Concentration and population estimates_wfm.doc" deleted by Elizabeth
Doyle/DC/USEPA/US]

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/



http://epa.gov/waterscience/




From: Joyce Donohue

To: Donohue, Joyce
Subject: Fw: Answering Sussman's Questions on Fluoride
Date: Thursday, May 02, 2013 2:10:56 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:50 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Date: 11/22/2010 02:54 PM

Subject: Re: Fw: Answering Sussman's Questions on Fluoride

I know they are consumers only (direct and indirect) for the infants. | have to wait until | get back in the
office to check for the other ages. | am working at home today. We have been moving toward
consumer only for all age groups. | thought we did this before that shift.

Michael Doherty---11/22/2010 02:19:10 PM---Thanks Joyce, Are your water intake numbers per-
capita or for consumers only?

Michael Doherty/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Kelly
Cc: Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 02:19 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks Joyce,
Are your water intake numbers per-capita or for consumers only?

Mike



mailto:Donohue.Joyce@epamail.epa.gov

mailto:Donohue.Joyce@epa.gov

http://epa.gov/waterscience/



Joyce Donohue---11/22/2010 01:55:26 PM---1 put our numbers in red next to yours in your second
Table. It is pretty clear that there is a con

Joyce Donohue/DC/USEPA/US
From:

Michael Doherty/DC/USEPA/US@EPA
To:

Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
: Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 01:55 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

| put our numbers in red next to yours in your second Table. It is pretty clear that there is a
considerable difference in the mean water intake as well as difference in food and beverage totals

Michael Doherty---11/22/2010 01:05:14 PM---All, The numbers | sent out last week were pulled
together from our risk assessment document and a f

Michael Doherty/DC/USEPA/US
From:

Joyce Donohue/DC/USEPA/US@EPA
To:

Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
cc: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
’ Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 01:05 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

All,

The numbers | sent out last week were pulled together from our risk assessment document and a few
older dietary runs. In order to confirm the values | was getting, | re-did the numbers today using new
dietary modeling runs. The 1-4 age group has been divided into 1-2 and 2-4 in order to be able to
make aggregate estimates that leave out F from toothpaste for those under 2 (per FDA
recommendations). The 1-4 group is also portrayed intact. Below are my assumptions and what |
came up with.





Hopefully this helps clarify where the OPP estimates are coming from.

Mike

Assumptions:
- Average consumption of foods, beverages, and drinking water
- Indirect water (beverages) = 0.87 mg F/L
- Direct water (drinking water) = 0.00 mg F/L
- SF and soil are the only other contributors (no contribution from toothpaste)

Exposure estimates and fluoride concentration determinations

Age Food + SF Soil Total RfD - Total || Body Avg. Maximum
Range || Beverages |[(mg/kg/day)|[(mg/kg/day)||(mg/kg/day)||(mg/kg/day)||Weight|| Drinking F Conc.
(years)|[(mg/kg/day) (kg)* Water in

Consumption|| Drinking

(L/day)* Water

(mg/L)
0.5 - 1| 0.03996 || 0.0027 | 00018 | 004446 || 0036 |[104 | 0173 | 21 |
| 1-2 || 003132 || 0.003* || 0.0027** || 003702 || 0043 |[ 127 || 0242 | 23 |
| 2-4 || 002743 || 0.003* | 0.0027** | 0.03313 || 0047 |[156 | 0322 | 23 |
| 1-4 || 002868 | 0.003 | 00027 | 003438 || 0046 | 145 | 0202 | 23 |
| 47 || 002215 || 0.0029 | 00019 | 002695 || 0051 |[21.0| 038 | 29 |

* Averages taken from CSFIl via DEEM-FCID.

** Assumed to be the same as the 1-4 year old group

Here are the same numbers accounting for body weight at the front end (i.e., exposure in mg/day) for
easier comparison w/ OW estimates.

Age Food + SF Sail Total RfD - Body ||Avg. Drinking || Maximum
Range || Beverages || (mg/day) || (mg/day) || (mg/day) Total Weight Water F Conc. in
(years) || (mg/day) (mg/day) || (kg)* ||Consumption || Drinking
(L/day)* Water
(mg/L)
05-1 0.416 0.028 0.019 0.462 0.370 10.4 9|/ 0.173 0.467 2.1
0.25 0.02
| 1-2 || 0398 | 0.038* || 0034 || 0470 || 0546 | 127 || 0242 | 23 |
| 2-4 || 0428 | 0.047* || 0.042* || 0517 || 0731 | 156 || 0322 | 23 |
1-4 0.416 0.044 0.039 0.499 0.661 |[14.5 14| 0.292 0.349 2.3
0.52 0.04
4.7 0.465 0.061 0.040 0.566 1.114 |[21.0 21|| 0.383 0.442 2.9
0.89 0.04

* Averages taken from CSFIl via DEEM-FCID.
** Assumed to be the same as the 1-4 year old group on a mg/kg/day basis

Joyce Donohue---11/19/2010 04:25:19 PM---Is the water in your beverage category fluoride free? In
the three age groups represented in our da






Joyce Donohue/DC/USEPA/US

From:
Michael Doherty/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Cc: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
' Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 04:25 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Is the water in your beverage category fluoride free? In the three age groups represented in our data
all of the water used to prepare the beverages was deionized distilled. | realize that would not explain
why your values are always lower than those in the studies we selected. Our beverage values did
come from a study conducted in the South during summer months.

In my opinion, 2 mg/L would not pass the logic test unless the dietary contribution of fluoride has not
changed at all since the 1930's when it was about 13% of the total.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/19/2010 04:06:09 PM---All, The mathematics being used by our two offices
match up. The difference in the "allowable" leve

Michael Doherty/DC/USEPA/US

From:
Elizabeth Doyle/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
Cc: Donohue/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
’ Wynne Miller/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA
11/19/2010 04:06 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:



http://epa.gov/waterscience/



All,

The mathematics being used by our two offices match up. The difference in the "allowable" level in
water is due, primarily, to differences in the numbers being used for the contribution from foods and
beverages.

For foods and beverages, we have the following differences (estimates in mg/day)

| Office | 0.5 - 1 year I 1- 4 year | 4 - 7 year ‘
| ow | 0.25 I 0.52 I 0.89 |
| OPP | 0.42 | 0.42 | 0.46 \

There are also a difference in body weight for the youngest group (OW = 9 kg, OPP = 11 kg) and a
slight difference for the 1-4 year olds (OW = 14 kg, OPP = 14.6 kg).

In terms of the precision of the numbers available to us, | don't think there's any difference between
1.94 and 1.5 mg F/L that we should hang our hats on. | still maintain that given the different way that
our two offices are deriving their estimates, the values are in remarkable agreement. There are
strengths and weaknesses with both approaches, and | don't think that one is better than the other. My
recommendation would be that for this type of determination, we round to the nearest whole number, in
this case 2 mg/L.

Mike

Elizabeth Doyle---11/19/2010 01:42:55 PM---Kelly, The concentrations by age for the mean intake
are exactly that. We believe that your estimat

Elizabeth Doyle/DC/USEPA/US

From:
Kelly Sherman/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
Cc: Donohue/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
' Wynne Miller/DC/USEPA/US@EPA
11/19/2010 01:42 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
Kelly,

The concentrations by age for the mean intake are exactly that. We believe that your estimate is too
high in all cases.

Kelly Sherman---11/19/2010 12:55:49 PM---Thanks, Joyce. Your concentration calcuations are





helpful, but they don't directly answer Sussman's

Kelly Sherman/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Cc: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA,
’ Michael Doherty/DC/USEPA/US@EPA
11/19/2010 12:55 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks, Joyce. Your concentration calcuations are helpful, but they don't directly answer Sussman's
question, which is -- what changes have to happen to the other sources of fluoride exposure in order to
keep the sulfuryl fluoride tolerances.

Specifically, he wants to know what the water concentration would have to be to keep the aggregate
exposure estimate for children younger than 4 years below the RfD of 0.08 if we assume (1) no fluoride
exposure from toothpaste; (2) mean water intake; and (3) SF is a source of exposure.

Our calculations show that the answer to that question is 1.97 mg F/L. Do you get the same answer to
that question?

Re the population estimates - thanks for the information. We need to caucus here to figure out exactly
what to relay back to Sussman.

Thanks!

Kelly Sherman

Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue---11/19/2010 11:47:37 AM---Dear Kelly: Attached are our calculations for the three
youngest age levels in our analysis. Our re

Joyce Donohue/DC/USEPA/US

From:
Kelly Sherman/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

11/19/2010 11:47 AM
Date:





Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Dear Kelly:

Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations at
the 90th percentile drinking water intakes which are used by the Office of Water. Please let me know if
you have any questions?

[attachment "Concentration and population estimates_wfm.doc" deleted by Elizabeth
Doyle/DC/USEPA/US]

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/



http://epa.gov/waterscience/




From: Joyce Donohue

To: Donohue, Joyce
Subject: Fw: Drinking Water Intake estimates.
Date: Thursday, May 02, 2013 2:10:12 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:50 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Cc: Elizabeth Doyle/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Date: 11/23/2010 09:15 AM

Subject: Drinking Water Intake estimates.

We did use consumers only for the final estimates. In the water chapter we also used the per capita
numbers. However, the numbers you have are not in agreement with what we have for the per capita
(direct and indirect) values either. The data came from our Office of Water 2004 publication. | added
our values in red to your Table below.

In cases where the EPA Child-specific Exposure Factors handbook ages line up with those we used,
our numbers (per capita and consumers only) are an exact match. The only age grouping for which
that is the case, is the 0.5 to 1 year group but that is where our values differ the most from yours.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/22/2010 03:49:50 PM---Thanks. That would likely account for the difference in
intake estimates. OPP's numbers are per-ca

Michael Doherty/DC/USEPA/US
From:

Joyce Donohue/DC/USEPA/US@EPA



mailto:Donohue.Joyce@epamail.epa.gov

mailto:Donohue.Joyce@epa.gov

http://epa.gov/waterscience/

http://epa.gov/waterscience/



To:

11/22/2010 03:49 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride

Subject:

Thanks. That would likely account for the difference in intake estimates. OPP's numbers are per-

capita.

| pulled per capita and user only water consumption values out of DEEM. Thought you might like them

for comparison.

Mike

Age range, Mean, per-capita Mean, user only 90th %ile, per |[90th %ile, user only

years (L/day) (L/day) capita (L/day) (L/day)

| 05-1 || 0173 0360 || 0271 0467 || 0475 0885 | 0532 0.971* |
| 1-2 | 0.242 | 0.327 | 0.5360. I 0.711 |
| 2-4 I 0.322 | 0.403 | 0.708 I 0.734 |
| 1-4 | 0292 0311 || 03770349 || 07080694 || 07110723 |
| 4-7 | 0383 0.406 | 04650442 | 09430917 | 09470943 |

Joyce Donohue---11/22/2010 02:54:20 PM---1 know they are consumers only (direct and indirect) for
the infants. | have to wait until | get ba

Joyce Donohue/DC/USEPA/US

From:
Michael Doherty/DC/USEPA/US@EPA
To:
11/22/2010 02:54 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

I know they are consumers only (direct and indirect) for the infants. | have to wait until | get back in the
office to check for the other ages. | am working at home today. We have been moving toward
consumer only for all age groups. | thought we did this before that shift.






Michael Doherty---11/22/2010 02:19:10 PM---Thanks Joyce, Are your water intake numbers per-
capita or for consumers only?

From:

To:

Cc:

Date:

Subject:

Michael Doherty/DC/USEPA/US

Joyce Donohue/DC/USEPA/US@EPA

Christina Swartz/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Kelly

Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

11/22/2010 02:19 PM

Re: Fw: Answering Sussman's Questions on Fluoride

Thanks Joyce,

Are your water intake numbers per-capita or for consumers only?

Mike

Joyce Donohue---11/22/2010 01:55:26 PM---1 put our numbers in red next to yours in your second
Table. It is pretty clear that there is a con

From:

To:

Cc:

Date:

Subject:

Joyce Donohue/DC/USEPA/US

Michael Doherty/DC/USEPA/US@EPA

Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

11/22/2010 01:55 PM

Re: Fw: Answering Sussman's Questions on Fluoride

| put our numbers in red next to yours in your second Table. It is pretty clear that there is a
considerable difference in the mean water intake as well as difference in food and beverage totals

Michael Doherty---11/22/2010 01:05:14 PM---All, The numbers | sent out last week were pulled
together from our risk assessment document and a f





Michael Doherty/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Cc: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
' Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 01:05 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
All,

The numbers | sent out last week were pulled together from our risk assessment document and a few
older dietary runs. In order to confirm the values | was getting, | re-did the numbers today using new
dietary modeling runs. The 1-4 age group has been divided into 1-2 and 2-4 in order to be able to
make aggregate estimates that leave out F from toothpaste for those under 2 (per FDA
recommendations). The 1-4 group is also portrayed intact. Below are my assumptions and what |
came up with.

Hopefully this helps clarify where the OPP estimates are coming from.

Mike

Assumptions:
- Average consumption of foods, beverages, and drinking water
- Indirect water (beverages) = 0.87 mg F/L
- Direct water (drinking water) = 0.00 mg F/L
- SF and soil are the only other contributors (no contribution from toothpaste)

Exposure estimates and fluoride concentration determinations

Age Food + SF Soil Total RfD - Total || Body Avg. Maximum
Range || Beverages |[(mg/kg/day)|[(mg/kg/day)||(mg/kg/day)||(mg/kg/day)||Weight|| Drinking F Conc.
(years)|[(mg/kg/day) (kg)* Water in

Consumption|| Drinking
(L/day)* Water

(mg/L)
l0.5-1| 003996 || 00027 | 00018 || 0.04446 || 0036 | 104 || 0173 | 21 |
| 1-2 || 003132 || 0.003* | 0.0027** || 003702 || 0043 |[ 127 || 0242 | 23 |
| 2-4 || 0.02743 || 0.003* | 0.0027** | 0.03313 || 0047 |[156 | 0322 | 23 |
| 1-4 || 0.02868 || 0.003 | 00027 | 003438 || 0046 |[145 | 0292 | 23 |
| 47 || 002215 || 00029 | 00019 || 0.02695 || 0051 |[21.0 || 0383 | 29 |

* Averages taken from CSFIl via DEEM-FCID.
** Assumed to be the same as the 1-4 year old group






Here are the same numbers accounting for body weight at the front end (i.e., exposure in mg/day) for
easier comparison w/ OW estimates.

Age Food + SF Soil Total RfD - Body ||Avg. Drinking || Maximum
Range || Beverages || (mg/day) || (mg/day) || (mg/day) Total Weight Water F Conc. in
(years) || (mg/day) (mg/day) || (kg)* || Consumption || Drinking
(L/day)* Water
(mglL)
05-1 0.416 0.028 0.019 0.462 0.370 10.4 9|/ 0.173 0.467 2.1
0.25 0.02
| 1-2 || 0398 | 0.038* || 0034 || 0470 | 0546 | 127 | 0242 || 23 |
| 2-4 || 0428 | 0047 || 0.042 || 0517 | 0731 | 156 | 0322 | 23 |
1-4 0.416 0.044 0.039 0.499 0.661 |[14.5 14| 0.292 0.349 2.3
0.52 0.04
4.7 0.465 0.061 0.040 0.566 1.114 |[|21.0 21| 0.383 0.442 29
0.89 0.04

* Averages taken from CSFIl via DEEM-FCID.
** Assumed to be the same as the 1-4 year old group on a mg/kg/day basis

Joyce Donohue---11/19/2010 04:25:19 PM---Is the water in your beverage category fluoride free? In
the three age groups represented in our da

Joyce Donohue/DC/USEPA/US

From:
Michael Doherty/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
’ Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 04:25 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Is the water in your beverage category fluoride free? In the three age groups represented in our data
all of the water used to prepare the beverages was deionized distilled. | realize that would not explain
why your values are always lower than those in the studies we selected. Our beverage values did
come from a study conducted in the South during summer months.

In my opinion, 2 mg/L would not pass the logic test unless the dietary contribution of fluoride has not
changed at all since the 1930's when it was about 13% of the total.

Joyce M. Donohue, Ph.D.
Office of Water, Office of Science and Technology
Health and Ecological Criteria Division





U.S. Environmental Protection Agency
Mail Code 4304T

1200 Pennsylvania Avenue NW
Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/19/2010 04:06:09 PM---All, The mathematics being used by our two offices
match up. The difference in the "allowable" leve

Michael Doherty/DC/USEPA/US

From:
Elizabeth Doyle/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
Cc: Donohue/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
’ Wynne Miller/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA
11/19/2010 04:06 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
All,

The mathematics being used by our two offices match up. The difference in the "allowable" level in
water is due, primarily, to differences in the numbers being used for the contribution from foods and
beverages.

For foods and beverages, we have the following differences (estimates in mg/day)

| Office | 0.5 - 1 year I 1 - 4 year | 4 -7 year ‘
| ow | 0.25 | 0.52 | 0.89 \
| OPP | 0.42 I 0.42 I 0.46 \

There are also a difference in body weight for the youngest group (OW = 9 kg, OPP = 11 kg) and a
slight difference for the 1-4 year olds (OW = 14 kg, OPP = 14.6 kg).

In terms of the precision of the numbers available to us, | don't think there's any difference between
1.94 and 1.5 mg F/L that we should hang our hats on. | still maintain that given the different way that
our two offices are deriving their estimates, the values are in remarkable agreement. There are
strengths and weaknesses with both approaches, and | don't think that one is better than the other. My
recommendation would be that for this type of determination, we round to the nearest whole number, in
this case 2 mgl/L.

Mike
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Elizabeth Doyle---11/19/2010 01:42:55 PM---Kelly, The concentrations by age for the mean intake
are exactly that. We believe that your estimat

Elizabeth Doyle/DC/USEPA/US

From:
Kelly Sherman/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
Cc: Donohue/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
’ Wynne Miller/DC/USEPA/US@EPA
11/19/2010 01:42 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
Kelly,

The concentrations by age for the mean intake are exactly that. We believe that your estimate is too
high in all cases.

Kelly Sherman---11/19/2010 12:55:49 PM---Thanks, Joyce. Your concentration calcuations are
helpful, but they don't directly answer Sussman's

Kelly Sherman/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA,
' Michael Doherty/DC/USEPA/US@EPA
11/19/2010 12:55 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks, Joyce. Your concentration calcuations are helpful, but they don't directly answer Sussman's
question, which is -- what changes have to happen to the other sources of fluoride exposure in order to
keep the sulfuryl fluoride tolerances.

Specifically, he wants to know what the water concentration would have to be to keep the aggregate
exposure estimate for children younger than 4 years below the RfD of 0.08 if we assume (1) no fluoride
exposure from toothpaste; (2) mean water intake; and (3) SF is a source of exposure.

Our calculations show that the answer to that question is 1.97 mg F/L. Do you get the same answer to
that question?





Re the population estimates - thanks for the information. We need to caucus here to figure out exactly
what to relay back to Sussman.

Thanks!
Kelly Sherman
Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue---11/19/2010 11:47:37 AM---Dear Kelly: Attached are our calculations for the three
youngest age levels in our analysis. Our re

Joyce Donohue/DC/USEPA/US

From:
Kelly Sherman/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 11:47 AM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
Dear Kelly:

Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations at
the 90th percentile drinking water intakes which are used by the Office of Water. Please let me know if
you have any questions?

[attachment "Concentration and population estimates_wfm.doc" deleted by Elizabeth
Doyle/DC/USEPA/US]

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue, Joyce
Subject: Fw: Drinking Water Intake estimates.
Date: Thursday, May 02, 2013 2:09:50 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:49 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Cc: Elizabeth Doyle/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Date: 11/23/2010 10:56 AM

Subject: Re: Drinking Water Intake estimates.

There is no double counting. The water added at the home is included with the drinking Water intake
(87 mg/L F concentration). The beverages in the study that provided our beverages values that were
reconstituted at a home were made up using fluoride free (distilled deionized water). Therefore, the
fluoride represented came from the commercial water in the products that were not reconstituted by the
user plus any fluoride in the reconstituted products before the water was added. Fluoride in milk was
not included with beverages in the study we used or in our analysis. Milk was in the food category.

For the 0.5 to 1-year group, there is no beverage because all the water used to reconstitute the
powdered formula was in the water grouping and the fluoride in the powdered formula is in the food
grouping. Real fruit juices are not considered to be beverages in the market basket surveys, they are
considered to be fruits based on the information | received from FDA on the composition of the market
baskets.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/23/2010 10:23:04 AM---The numbers | provided are per-capita direct only. |
wonder why some of your direct+indirect number
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Michael Doherty/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Elizabeth Doyle/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA
Cc:
11/23/2010 10:23 AM
Date:
Re: Drinking Water Intake estimates.
Subject:

The numbers | provided are per-capita direct only. | wonder why some of your direct+indirect numbers
are greater than the direct only values. Isn't it double counting to use direct and indirect for drinking
water and to then include a separate input for beverages?

I'll do a little more digging and maybe we can get this resolved before 3:00...

Mike

Joyce Donohue---11/23/2010 09:15:47 AM---We did use consumers only for the final estimates. In
the water chapter we also used the per capita

Joyce Donohue/DC/USEPA/US

From:
Michael Doherty/DC/USEPA/US@EPA
To:
Elizabeth Doyle/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Cc:
11/23/2010 09:15 AM
Date:
Drinking Water Intake estimates.
Subject:

We did use consumers only for the final estimates. In the water chapter we also used the per capita
numbers. However, the numbers you have are not in agreement with what we have for the per capita
(direct and indirect) values either. The data came from our Office of Water 2004 publication. | added
our values in red to your Table below.

In cases where the EPA Child-specific Exposure Factors handbook ages line up with those we used,
our numbers (per capita and consumers only) are an exact match. The only age grouping for which
that is the case, is the 0.5 to 1 year group but that is where our values differ the most from yours.





Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/22/2010 03:49:50 PM---Thanks. That would likely account for the difference in
intake estimates. OPP's numbers are per-ca

Michael Doherty/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
11/22/2010 03:49 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks. That would likely account for the difference in intake estimates. OPP's numbers are per-
capita.

| pulled per capita and user only water consumption values out of DEEM. Thought you might like them
for comparison.

Mike

Age range, Mean, per-capita Mean, user only 90th %ile, per 90th %ile, user only

years (L/day) (L/day) capita (L/day) (L/day)

| 05-1 || 0173 0360 || 0271 0467* || 0475 0.885 | 0532 0.971* |
| 1-2 I 0.242 | 0.327 | 0.5360. I 0.711 |
| 2-4 I 0.322 | 0.403 | 0.708 I 0.734 |
| 1-4 | 0292 0311 || 03770349 || 07080694 || 07110723 |
| 4-7 | 0383 0.406 | 04650442 | 0094300917 || 0.9470.943 |

Joyce Donohue---11/22/2010 02:54:20 PM---1 know they are consumers only (direct and indirect) for
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the infants. | have to wait until | get ba

Joyce Donohue/DC/USEPA/US

From:
Michael Doherty/DC/USEPA/US@EPA
To:
11/22/2010 02:54 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

I know they are consumers only (direct and indirect) for the infants. | have to wait until | get back in the
office to check for the other ages. | am working at home today. We have been moving toward
consumer only for all age groups. | thought we did this before that shift.

Michael Doherty---11/22/2010 02:19:10 PM---Thanks Joyce, Are your water intake numbers per-
capita or for consumers only?

Michael Doherty/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Christina Swartz/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Kelly
Cc: Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 02:19 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks Joyce,
Are your water intake numbers per-capita or for consumers only?

Mike

Joyce Donohue---11/22/2010 01:55:26 PM---I put our numbers in red next to yours in your second
Table. It is pretty clear that there is a con

Joyce Donohue/DC/USEPA/US
From:

Michael Doherty/DC/USEPA/US@EPA
To:





Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
’ Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 01:55 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

| put our numbers in red next to yours in your second Table. It is pretty clear that there is a
considerable difference in the mean water intake as well as difference in food and beverage totals

Michael Doherty---11/22/2010 01:05:14 PM---All, The numbers | sent out last week were pulled
together from our risk assessment document and a f

Michael Doherty/DC/USEPA/US
From:

Joyce Donohue/DC/USEPA/US@EPA
To:

Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Ce: Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
' Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/22/2010 01:05 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

All,

The numbers | sent out last week were pulled together from our risk assessment document and a few
older dietary runs. In order to confirm the values | was getting, | re-did the numbers today using new
dietary modeling runs. The 1-4 age group has been divided into 1-2 and 2-4 in order to be able to
make aggregate estimates that leave out F from toothpaste for those under 2 (per FDA
recommendations). The 1-4 group is also portrayed intact. Below are my assumptions and what |
came up with.

Hopefully this helps clarify where the OPP estimates are coming from.

Mike

Assumptions:
- Average consumption of foods, beverages, and drinking water
- Indirect water (beverages) = 0.87 mg F/L





- Direct water (drinking water) = 0.00 mg F/L
- SF and soil are the only other contributors (no contribution from toothpaste)

Exposure estimates and fluoride concentration determinations

Age Food + SF Sall Total RfD - Total || Body Avg. Maximum
Range || Beverages |[(mg/kg/day)||(mg/kg/day)||(mg/kg/day)||(mg/kg/day)||Weight|| Drinking F Conc.
(years)|[(mg/kg/day) (kg)* Water in

Consumption|| Drinking

(L/day)* Water

(mg/L)
0.5-1| 0.03996 || 00027 | 00018 || 0.04446 || 0036 || 104 || 0173 | 21 |
| 1-2 || 003132 || 0.003* | 0.0027* | 0.03702 || 0043 |[127 | 0242 | 23 |
| 2-4 || 002743 || 0.003* | 0.0027** | 0.03313 || 0047 |[156 || 0322 | 23 |
| 1-4 || 0.02868 || 0.003 | 00027 | 003438 || 0046 |[145 | 0292 | 23 |
| 47 || 002215 || 0.0029 | 00019 | 002695 || 0051 |[21.0| 038 | 29 |

* Averages taken from CSFIl via DEEM-FCID.
** Assumed to be the same as the 1-4 year old group

Here are the same numbers accounting for body weight at the front end (i.e., exposure in mg/day) for
easier comparison w/ OW estimates.

Age Food + SF Sail Total RfD - Body ||[Avg. Drinking || Maximum
Range || Beverages || (mg/day) || (mg/day) || (mg/day) Total Weight Water F Conc. in
(years) || (mg/day) (mg/day) || (kg)* |/ Consumption || Drinking

(L/day)* Water
(mglL)
05-1 0.416 0.028 0.019 0.462 0.370 10.4 9|/ 0.173 0.467 2.1
0.25 0.02
| 1-2 || 0398 | 0.038* || 0.034* | 0470 || 0546 | 127 || 0242 || 23 |
| 2-4 || 0428 | 0047 || 0.042* | 0517 || 0731 |[ 156 || 0322 || 23 |
1-4 0.416 0.044 0.039 0.499 0.661 |[14.5 14| 0.292 0.349 2.3
0.52 0.04
4.7 0.465 0.061 0.040 0.566 1.114 |[21.0 21}|0.383 0.442< 29
0.89 0.04 /div>

* Averages taken from CSFIl via DEEM-FCID.
** Assumed to be the same as the 1-4 year old group on a mg/kg/day basis

Joyce Donohue---11/19/2010 04:25:19 PM---Is the water in your beverage category fluoride free? In
the three age groups represented in our da

From:

To:

Cc:

Joyce Donohue/DC/USEPA/US

Michael Doherty/DC/USEPA/US@EPA

Christina Swartz/DC/USEPA/US@EPA, Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth
Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William
Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

11/19/2010 04:25 PM






Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Is the water in your beverage category fluoride free? In the three age groups represented in our data
all of the water used to prepare the beverages was deionized distilled. | realize that would not explain
why your values are always lower than those in the studies we selected. Our beverage values did
come from a study conducted in the South during summer months.

In my opinion, 2 mg/L would not pass the logic test unless the dietary contribution of fluoride has not
changed at all since the 1930's when it was about 13% of the total.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---11/19/2010 04:06:09 PM---All, The mathematics being used by our two offices
match up. The difference in the "allowable” leve

Michael Doherty/DC/USEPA/US

From:
Elizabeth Doyle/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
ce: Donohue/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
’ Wynne Miller/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA
11/19/2010 04:06 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
All,

The mathematics being used by our two offices match up. The difference in the "allowable" level in
water is due, primarily, to differences in the numbers being used for the contribution from foods and
beverages.



http://epa.gov/waterscience/



For foods and beverages, we have the following differences (estimates in mg/day)

| Office || 0.5 - 1 year H 1- 4 year || 4 -7 year ‘
| ow | 0.25 I 0.52 | 0.89 \
| OPP | 0.42 I 0.42 I 0.46 \

There are also a difference in body weight for the youngest group (OW = 9 kg, OPP = 11 kg) and a
slight difference for the 1-4 year olds (OW = 14 kg, OPP = 14.6 kg).

In terms of the precision of the numbers available to us, | don't think there's any difference between
1.94 and 1.5 mg F/L that we should hang our hats on. 1 still maintain that given the different way that
our two offices are deriving their estimates, the values are in remarkable agreement. There are
strengths and weaknesses with both approaches, and | don't think that one is better than the other. My
recommendation would be that for this type of determination, we round to the nearest whole number, in
this case 2 mg/L.

Mike

Elizabeth Doyle---11/19/2010 01:42:55 PM---Kelly, The concentrations by age for the mean intake
are exactly that. We believe that your estimat

Elizabeth Doyle/DC/USEPA/US

From:
Kelly Sherman/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Joyce
cc: Donohue/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA,
’ Wynne Miller/DC/USEPA/US@EPA
11/19/2010 01:42 PM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:
Kelly,

The concentrations by age for the mean intake are exactly that. We believe that your estimate is too
high in all cases.

Kelly Sherman---11/19/2010 12:55:49 PM---Thanks, Joyce. Your concentration calcuations are
helpful, but they don't directly answer Sussman's

Kelly Sherman/DC/USEPA/US
From:

Joyce Donohue/DC/USEPA/US@EPA
To:

Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric





Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA,

ce: Michael Doherty/DC/USEPA/US@EPA

11/19/2010 12:55 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks, Joyce. Your concentration calcuations are helpful, but they don't directly answer Sussman's
question, which is -- what changes have to happen to the other sources of fluoride exposure in order to
keep the sulfuryl fluoride tolerances.

Specifically, he wants to know what the water concentration would have to be to keep the aggregate
exposure estimate for children younger than 4 years below the RfD of 0.08 if we assume (1) no fluoride
exposure from toothpaste; (2) mean water intake; and (3) SF is a source of exposure.

Our calculations show that the answer to that question is 1.97 mg F/L. Do you get the same answer to
that question?

Re the population estimates - thanks for the information. We need to caucus here to figure out exactly
what to relay back to Sussman.

Thanks!

Kelly Sherman

Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue---11/19/2010 11:47:37 AM---Dear Kelly: Attached are our calculations for the three
youngest age levels in our analysis. Our re

Joyce Donohue/DC/USEPA/US

From:
Kelly Sherman/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Cc: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 11:47 AM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Dear Kelly:





Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations at
the 90th percentile drinking water intakes which are used by the Office of Water. Please let me know if
you have any questions?

[attachment "Concentration and population estimates_wfm.doc" deleted by Elizabeth
Doyle/DC/USEPA/US]

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Final Agenda for Peer Review Meeting
Date: Thursday, May 02, 2013 2:32:09 PM
Attachments: FinalAgenda_Fluoride.doc

Loasheet EPA.pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:55 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, Tina Duke/DC/USEPA/US@EPA, Kathleen
Souweine/DC/USEPA/US@EPA, "Opresko, Dennis M." <opreskodm@ornl.gov>

Date: 05/13/2010 09:25 AM

Subject: Final Agenda for Peer Review Meeting

I have included both the final agenda and logistic information (called log sheet).

(See attached file: Logsheet EPA.pdf)(See attached file: FinalAgenda_Fluoride.doc)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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United States



Environmental Protection Agency



Office of Water


Peer Review Workshop of EPA’s Draft Document 


Fluoride: Exposure and Relative Source Contribution Analysis



Navy League Building



Arlington, VA



May 14, 2010



Draft Agenda


8:00 a.m.
Registration/Check-in


8:30 a.m. 
Welcome, Introductions, Meeting Purpose & Agenda 
 Jan Connery, ERG


8:40 a.m. 
EPA Welcome Remarks
Eric Burneson, Chief, Targeting & Analysis Branch, EPA/OW 



8:45 a.m. 
Background Presentation
Joyce Donohue, EPA/OW 



9:05 a.m. 
Reviewer Discussions
E. Angeles Martinez Mier (Chair) & Panel


 
1) Describe any suggestions you have for improving the clarity, organization, and/or transparency of the draft document.


9:25 a.m. 
2) Have the uncertainties associated with the analysis been adequately characterized? Are there any important uncertainties in the data that are not discussed adequately in the document, especially in the synthesis sections? Please describe any concerns you have and any specific suggestions for improving or enhancing the uncertainty discussion.


10:00 a.m.
BREAK


10:15 a.m. 
3) Please consider the studies that have been selected as representative of exposures for the specific age groups and/or exposure media. Have these studies been adequately summarized and interpreted? Indicate any deficiencies in the descriptions of the studies and any suggestions you have for improvement. Describe any concerns you have about the selection of these studies, as well as any recommendations you may for alternative studies that you believe are more representative of exposures.


10:50 a.m. 
4) Please comment on EPA’s rationale for selection of specific data elements to represent average exposures for each of the age groups. Has the selection been scientifically justified and clearly and objectively described? What changes or improvements would you suggest? 


11:30 a.m. 
5) Please comment on the validity of basing the food intake estimate for the 1940’s on the McClure (1943) publication, as supported by the concentrations found in various food groups from more recent analytical data. Do you agree with this approach? If not, what approach would you suggest for estimating food intake for the 1940’s?


12:15 p.m.
LUNCH


Agenda (cont.)


1:15 p.m. 
6) Provide citations (and, where possible, pdfs or hard copies) for any references you suggest EPA should consider adding to the document, and describe where you suggest these references be added.


1:30 p.m. 
7) Please provide any additional comments and/or further suggestions you may have for improving the document.


2:00 p.m.
BREAK


2:15 p.m. 
Reviewer Conclusions & Recommendations
E. Angeles Martinez Mier (Chair) & Panel


3:45 p.m. 
Closing Remarks
Jan Connery & EPA/OW


4:00 p.m. 
ADJOURN
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Logistical Fact Sheet

Logistical
Information: Eastern Research Group, Inc.
110 Hartwell Avenue
Lexington, MA 02421 781-674-7374
Fax: 781-674-2906

Event
Location: Navy League Building
2300 Wilson Blvd.
Arlington, VA 22204
Meeting room is on the ground floor, just off the main lobby
Nearby
Hotels: Hilton Garden Inn

1333 North Courthouse Road
Arlington, VA 22201
703-528-4444

www. hiltongardeninn.com

To reach the Navy League Building from the Hilton Garden Inn, walk north on North Courthouse
Road toward 14™ Street North. Turn Left at 15" Street North, continuing onto North Veitch Street.
Turn Left onto Wilson Boulevard. The Navy League Building will be immediately on your left.

Arlington Residence Court

1200 North Courthouse Road

Arlington, VA 22201

703-524-4000

http://www.arlingtoncourthotel.com/

Completely renovated in 2007. Within walking distance to the Navy League Building

Hilton Arlington

950 North Stafford St.

Arlington, VA 22203

703-528-6000

www.hilton.com

The hotel is located directly above the Ballston Metro station, which is 3 metro stops from
Courthouse metro station (Where the Navy League Building is located)on the Orange Line.







Airport
Information:

Westin Arlington Gateway Hotel

801 North Glebe Rd.

Arlington, VA 22203

703-717-6200

www.westin.com/arlington

The Westin is a couple of blocks from the Ballston metro station, Orange Line, which is 3 metro stops
from Courthouse metro station on the Orange Line, where the Navy League Building is located.

From National Airport:

Via Metrorail: Take the Blue Line Metro toward Addison Road. In Rosslyn, switch to the Orange
Line in the direction of Vienna. Get off at the Courthouse Metro Station. Take the elevator to street
level. The Navy League Building is diagonally to the left across the street from the elevator (2300
Wilson Blvd.). The building straddles Clarendon and Wilson Blvds. The cost is approximately $1.50.

Via taxi: Taxi service is available from National and is approximately a 10 minute ride.

From Dulles Airport:

Via Metrorail: Washington Flyer provides bus service to West Falls Church Metro station from Dulles
every 30. From the West Falls Church station, take the Orange Line toward New Carrollton. Get off at
Courthouse station. Take the elevator to street level. The Navy League Building is diagonally left
across the street from the elevator (2300 Wilson Blvd.). The building straddles Clarendon and Wilson
Blvds.

Via car: Take the Dulles Toll Road to Rt. 66 East towards Washington. Get off at exit 72 (Spout
Run/Lee Highway). At the end of the ramp, take a right on Lee Highway. Continue for approximately
1 mile. At the stop light at Veitch Street (Bergmann's Cleaners will be to your left), take a right.
Continue on Veitch for approximately 3 blocks to Wilson Boulevard. Turn right onto Wilson.
Immediately get in the left lane and take the second left onto Adams Street. Turn left immediately
into the parking garage. Metered street parking is also available.

Via taxi: Taxi service is available from Dulles - approximately a 40 minute ride.

SuperShuttle: 1-800-BLUEVAN

SuperShuttle is available to and from Dulles International Airport.

Shuttle service costs approximately $50 for the first person one-way. It may take one hour or longer
since they will drop off passengers at other hotels. Collect your baggage and follow signs for ground
transportation leading you directly to the SuperShuttle boarding area locate on the far ends of
ground transportion. There will be a uniformed Guest Service Representative who will assist with
baggage and boarding area. Reservations are required 24 hours in advance for service from the hotel
back to the airport, or ask the hotel concierge to arrange for your pick-up. www.supershuttle.com

From Baltimore/Washington International Airport:

Via Train/Metrorail: Maryland Rural Commuter System (MARC) operates rail service to
Washington's Union Station. You would then take the Red Line Metro to Metro Center. You would go
to the lower platform and take the Orange Line toward Vienna and get off at the Courthouse Metro
Station. Take the elevator to street level. The Navy League Building is diagonally left across the street
from the elevator (2300 Wilson Blvd.). The building straddles Clarendon and Wilson Blvds. The cost is
approximately $1.50.







Onsite
Check-in:

Via car: If driving, follow signs out of the airport to southbound Rt. 95. From Rt. 95, take exit 27
(Note: this is a dual exit for Rt. 495 and Rt. 1 - College Park). From the ramp, follow signs for 495
West. Continue on 495 into northern Virginia. Take exit 43 (George Washington Parkway). Continue
on the Parkway for approximately 10 miles. Get off at the exit for Rt. 50 (this exit follows the one for
Key Bridge). Continue on Rt. 50 and get off at the 3rd exit, which is Courthouse Road. Follow
Courthouse Road up the hill through 2 traffic lights. At the third light (Wendy's will be in front to your
right), take a left onto Wilson Boulevard. After pasing through the first traffic light, get into the left
lane and take the second left onto Adams Street. Turn left and turn immediately into the Navy
League Building parking garage. Metered street parking is also available.

Check-in for the workshop will take place outside the meeting room beginning at 8:15 AM. Meeting
room is on the ground floor, just off the main lobby. Please stop by to pick up your nametag and
handout folder.










From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Fluoride Documents
Date: Thursday, May 02, 2013 2:24:12 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:53 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 08/20/2010 09:31 AM

Subject: Re: Fluoride Documents

| have mostly gotten through the dose-dose response document and drafted the changes. | am on
leave today and compressed on Monday. | plan to correct the document in Track Changes next week
so that people can look them over and make sure the are OK with them.

The exposure and RSC document is with Oak Ridge now with quite a few changes resulting from the
peer review comments that | had not addressed when the June version went out. As soon as | get it
back | will share it with you. They are working on it this week. My typing and spelling leave a lot to be
desired.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/



mailto:Donohue.Joyce@epamail.epa.gov

mailto:Donohue.Joyce@epa.gov

http://epa.gov/waterscience/

http://epa.gov/waterscience/




From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Fluoride RSC Citation Info
Date: Thursday, May 02, 2013 2:20:54 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:52 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 10/28/2010 12:46 PM

Subject: Re: Fluoride RSC Citation Info

Pages: 195. Document number 820-R-10-015 Fluoride: Exposure and Relative Source Contribution
Analysis.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Fluoride RSC Citation Info
Date: Thursday, May 02, 2013 2:21:39 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:53 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 10/28/2010 11:34 AM

Subject: Re: Fluoride RSC Citation Info

| should get the RSC today. Dennis was shooting for noon but he just sent me an e-mail to say they
are still experiencing some glitches with the pdf.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/



mailto:Donohue.Joyce@epamail.epa.gov
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Fluoride RSC Citation Info
Date: Thursday, May 02, 2013 2:19:57 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:52 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 10/28/2010 12:59 PM

Subject: Re: Fluoride RSC Citation Info

The number of pages are those for the report not including the cover page Table of contents etc that
get the Roman number pages. Is that correct? Since | just started to print the report, | thought | had
better check. With those pages the number of pages increases.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Group-Specific Fluoride Exposure Estimates from Pesticides
Date: Thursday, May 02, 2013 2:30:59 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:55 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Date: 05/27/2010 10:02 AM

Subject: Re: Group-Specific Fluoride Exposure Estimates from Pesticides

Thanks Mike:

| have been away and just got back to having full access to a computer today. | will pass these
corrections and the ones that follow it on to Dennis at OakRidge.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Increased prevalence of dental fluorosis
Date: Thursday, May 02, 2013 2:30:12 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:55 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Date: 05/27/2010 10:10 AM

Subject: Re: Increased prevalence of dental fluorosis

The source of the most recent information is a draft of a document that CDC is preparing for
publication. It was sent only to Wynne Miller and myself. We will not be able to cite or reference it
until it is published. They used NHANES data up though 2004, as | recall.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/



mailto:Donohue.Joyce@epamail.epa.gov
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: May 14 RSC Meeting

Date: Thursday, May 02, 2013 2:33:58 PM
Attachments: Loasheet EPA.pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:56 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 05/06/2010 11:15 AM

Subject: Re: May 14 RSC Meeting

The following is the information we have on the location of the Peer Review Meeting. | believe we
agreed to start at 8:30 AM. there was a little ambiguity about that time from one of the local peer
reviewers. Plant to be there by then. If | hear otherwise, | will let you know.

(See attached file: Logsheet EPA.pdf)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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‘.” Environmental Protection Agency
Office of Water

Peer Review Workshop of EPA Draft Document,
Fluoride: Exposure and Relative Source
Contribution Analysis

Navy League Building
Arlington, VA
May 14, 2010

Logistical Fact Sheet

Logistical
Information: Eastern Research Group, Inc.
110 Hartwell Avenue
Lexington, MA 02421 781-674-7374
Fax: 781-674-2906

Event
Location: Navy League Building
2300 Wilson Blvd.
Arlington, VA 22204
Meeting room is on the ground floor, just off the main lobby
Nearby
Hotels: Hilton Garden Inn

1333 North Courthouse Road
Arlington, VA 22201
703-528-4444

www. hiltongardeninn.com

To reach the Navy League Building from the Hilton Garden Inn, walk north on North Courthouse
Road toward 14™ Street North. Turn Left at 15" Street North, continuing onto North Veitch Street.
Turn Left onto Wilson Boulevard. The Navy League Building will be immediately on your left.

Arlington Residence Court

1200 North Courthouse Road

Arlington, VA 22201

703-524-4000

http://www.arlingtoncourthotel.com/

Completely renovated in 2007. Within walking distance to the Navy League Building

Hilton Arlington

950 North Stafford St.

Arlington, VA 22203

703-528-6000

www.hilton.com

The hotel is located directly above the Ballston Metro station, which is 3 metro stops from
Courthouse metro station (Where the Navy League Building is located)on the Orange Line.







Airport
Information:

Westin Arlington Gateway Hotel

801 North Glebe Rd.

Arlington, VA 22203

703-717-6200

www.westin.com/arlington

The Westin is a couple of blocks from the Ballston metro station, Orange Line, which is 3 metro stops
from Courthouse metro station on the Orange Line, where the Navy League Building is located.

From National Airport:

Via Metrorail: Take the Blue Line Metro toward Addison Road. In Rosslyn, switch to the Orange
Line in the direction of Vienna. Get off at the Courthouse Metro Station. Take the elevator to street
level. The Navy League Building is diagonally to the left across the street from the elevator (2300
Wilson Blvd.). The building straddles Clarendon and Wilson Blvds. The cost is approximately $1.50.

Via taxi: Taxi service is available from National and is approximately a 10 minute ride.

From Dulles Airport:

Via Metrorail: Washington Flyer provides bus service to West Falls Church Metro station from Dulles
every 30. From the West Falls Church station, take the Orange Line toward New Carrollton. Get off at
Courthouse station. Take the elevator to street level. The Navy League Building is diagonally left
across the street from the elevator (2300 Wilson Blvd.). The building straddles Clarendon and Wilson
Blvds.

Via car: Take the Dulles Toll Road to Rt. 66 East towards Washington. Get off at exit 72 (Spout
Run/Lee Highway). At the end of the ramp, take a right on Lee Highway. Continue for approximately
1 mile. At the stop light at Veitch Street (Bergmann's Cleaners will be to your left), take a right.
Continue on Veitch for approximately 3 blocks to Wilson Boulevard. Turn right onto Wilson.
Immediately get in the left lane and take the second left onto Adams Street. Turn left immediately
into the parking garage. Metered street parking is also available.

Via taxi: Taxi service is available from Dulles - approximately a 40 minute ride.

SuperShuttle: 1-800-BLUEVAN

SuperShuttle is available to and from Dulles International Airport.

Shuttle service costs approximately $50 for the first person one-way. It may take one hour or longer
since they will drop off passengers at other hotels. Collect your baggage and follow signs for ground
transportation leading you directly to the SuperShuttle boarding area locate on the far ends of
ground transportion. There will be a uniformed Guest Service Representative who will assist with
baggage and boarding area. Reservations are required 24 hours in advance for service from the hotel
back to the airport, or ask the hotel concierge to arrange for your pick-up. www.supershuttle.com

From Baltimore/Washington International Airport:

Via Train/Metrorail: Maryland Rural Commuter System (MARC) operates rail service to
Washington's Union Station. You would then take the Red Line Metro to Metro Center. You would go
to the lower platform and take the Orange Line toward Vienna and get off at the Courthouse Metro
Station. Take the elevator to street level. The Navy League Building is diagonally left across the street
from the elevator (2300 Wilson Blvd.). The building straddles Clarendon and Wilson Blvds. The cost is
approximately $1.50.







Onsite
Check-in:

Via car: If driving, follow signs out of the airport to southbound Rt. 95. From Rt. 95, take exit 27
(Note: this is a dual exit for Rt. 495 and Rt. 1 - College Park). From the ramp, follow signs for 495
West. Continue on 495 into northern Virginia. Take exit 43 (George Washington Parkway). Continue
on the Parkway for approximately 10 miles. Get off at the exit for Rt. 50 (this exit follows the one for
Key Bridge). Continue on Rt. 50 and get off at the 3rd exit, which is Courthouse Road. Follow
Courthouse Road up the hill through 2 traffic lights. At the third light (Wendy's will be in front to your
right), take a left onto Wilson Boulevard. After pasing through the first traffic light, get into the left
lane and take the second left onto Adams Street. Turn left and turn immediately into the Navy
League Building parking garage. Metered street parking is also available.

Check-in for the workshop will take place outside the meeting room beginning at 8:15 AM. Meeting
room is on the ground floor, just off the main lobby. Please stop by to pick up your nametag and
handout folder.










From, Joyce Docoue.
Subject Fur RSC Document Question
oate: Thursday, My 02, 2013 2:3325 P

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology

Health and Ecological Crieria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsyivania Avenue NW

‘Washington DC 20460

‘Telephone: 202-566-1098
202-566-1140

b

From Joyen DonahuelDCIUSEPAUS
75 Michas! Dohery DCIUSEPAUSGEPA
Do GSOT010 0253 P
Slliec: Re: REC Dorumant Qusston

Today is my compressed day. | am working at home just because | have so much to do.

1'am guessing that we wil be done before 3:00 PM because some of the reviewers indicated tha they were homing to be done early given tha it was a Friday.

M. Donohue, Ph.D.
Office of Water, Office of Science and Technology
Health and Ecological Crieria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW/

‘Washington DC 20460

Telephane: 202-566-1098

FAX: 202-566-1140

RSC Document Question

RSC Document Question

Michael Doherty - Joyce Donohue

Hi Joyce,

160 not have the RSC cosument with me. | am pretty sure the 1.43 mg/L is the mean F concentration for those systems that have at any time during the data analyzed for the Second six-year review recorded at least on reading that exceeded the SMCL of 2 mgiL.
We do have a figure where we used that concentration and the mean dinking water intake 1o ilustrate the situation for children who live in the areas served by systems with the higher fluoride levels. Those are the systems of greatest concern for the Office of Water.

05072010 1252 P

1 have a question about Figure 8-3 (p. 126) in the RSC document. The caption in my copy reads "...for Consumers Only and the Mean Fluoride Conceniration (1.43 mg/L) for...” Im assuming, based on the resuits portrayed by Figs 8-1 and 8-2 that the caption has a typo, that the 1.43 is correct, and that it should specify that it i the 90th percentie for

fivoride concentration.

Thanks for sending me the info on next week's meeting. Do you have any thoughts on how long it will go? | may need to bug out early to pick up my son.

Have a great weekend.

Mike
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Request for help
Date: Thursday, May 02, 2013 2:28:10 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:54 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 07/01/2010 01:02 PM

Subject: Request for help

Dear Mike:

As far as | know my management has never received the official copy of your revised Sulfuryl Fluoride
numbers. | know you sent me an electronic copy but your e-mail indicated that the hard copy would
follow. | know the last time that went to my management. As far as | know we never received it. Can
| consider what you sent me to be the official copy?

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Request for help
Date: Thursday, May 02, 2013 2:26:24 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:54 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 07/01/2010 02:17 PM

Subject: Re: Request for help

Thanks. | have had to send the RSC document to HHS without our having responded to all of the
peer review comments. In fact | do not even have the final peer review report. | did not put the new
sulfuryl fluoride values in what we sent but put a note to the readers on what had and had not been
done. We had already removed the 1040-1960s dietary information and made the appendix for dietary
intake at the time of Dean which we added it to the dose-response report.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Responses to USDA Fluoride Comments
Date: Thursday, May 02, 2013 2:17:54 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:52 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Date: 11/09/2010 02:58 PM

Subject: Re: Responses to USDA Fluoride Comments

You are correct. | should have written micrograms

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Updated Fluoride Assessment

Date: Thursday, May 02, 2013 2:09:52 PM

Attachments: Fluoride Assessment 14 Dec Revised D382938JMD2.mem.docx

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:49 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA

Cc: Christina Swartz/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Jonathan Fleuchaus/DC/USEPA/US@EPA, Kelly
Sherman/DC/USEPA/US@EPA, Meredith Laws/DC/USEPA/US@EPA, Richard Loranger/DC/USEPA/US@EPA, Steve
Knizner/DC/USEPA/US@EPA, Steven Bradbury/DC/USEPA/US@EPA, Tina Levine/DC/USEPA/US@EPA, William
Jordan/DC/USEPA/US@EPA

Date: 12/15/2010 03:19 PM

Subject: Re: Updated Fluoride Assessment

Attached is your assessment with my comments. | need an explanation about the RSC in the Table
that | have questioned. | have no idea of what it is.

(See attached file: Fluoride Assessment 14 Dec Revised D382938JMDZ2.mem.docx)

Let me know if you have any questions.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Michael Doherty---12/14/2010 12:56:26 PM---Hi Joyce, Thanks, again, for helping us get the indirect
water issue straightened out. Attached is

Michael Doherty/DC/USEPA/US
From:



mailto:Donohue.Joyce@epamail.epa.gov

mailto:Donohue.Joyce@epa.gov

http://epa.gov/waterscience/

http://epa.gov/waterscience/



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY


WASHINGTON, D.C. 20460      





	OFFICE OF CHEMICAL SAFETY AND


                                                                                               POLLUTION PREVENTION


	








MEMORANDUM





	Date:	14 December 2010 – DRAFT





	SUBJECT:	Sulfuryl Fluoride –Revised Human Health Risk Assessment for Fluoride to Incorporate New Hazard and Exposure Information – An Update 





			PC Code:  078003


			DP Barcode:  Dxxxxxx





			MRID No.:  NA


			Registration No.:  62719-376





			Petition No.:  NA


			Regulatory Action:  Registration Review





			Assessment Type:  Single Chemical, Aggregate


			Registration Case No.:  





			TXR No.:  None


			CAS No.:  2699-79-8





			Decision No.:  346085


			40 CFR 180.585











	FROM:	Michael A. Doherty, Ph.D., Senior Chemist


		Risk Assessment Branch II


		Health Effects Division (7509P) 


		Office of Pesticide Programs





	THROUGH:	Christina Swartz, Branch Chief


		Risk Assessment Branch II


		Health Effects Division (7509P) 


		Office of Pesticide Programs





	TO:	Meredith Laws, Branch Chief


		Insecticide-Rodenticide Branch


		Registration Division (7505P) 


		Office of Pesticide Programs 






Table of Contents





1.  Background	3


2.  Hazard Assessment	4


2.1  Critical Effect	4


2.2.  Dose-Response Analysis and the Reference Dose	5


2.3  Children’s Safety Factor (FQPA Factor)	7


2.3.1.  Toxicology	7


2.3.1.1.  Completeness of Data	7


2.3.1.2.  Potential Pre- and Post-Natal Toxicity	8


2.3.2.  Exposure	8


2.3.2.1.  Potential to Underestimate Exposure	9


2.3.3.  Information on the Dose-Response Curve for Fluoride	9


2.3.4.  Conclusions	10


3.  Exposure Assessment	10


3.1.  Pesticidal Sources	10


3.2.  Drinking Water	11


3.3.  Background Exposure from Foods and Beverages	14


3.4.  Toothpaste	15


3.5.  Other Sources	16


4. Aggregate Exposure and Risk	18


4.1.  Exposure Analysis	18


4.1.1.  Fluoride in Foods	18


4.1.2.  Fluoride in Beverages	18


4.1.3.  Fluoride in Drinking Water	18


4.1.4.  Fluoride from Incidental Toothpaste Ingestion	19


4.2.  Aggregate Exposure Estimates	19


4.3.  Aggregate Risk Estimates	22


References	24



This risk assessment is an update to the recent fluoride assessment by the Office of Pesticide Programs (D382938, 28 October 2010, M. Doherty).  Based on comments from the Office of Water, the Office of Pesticide Programs became aware that in the previous assessment fluoride exposure from commercial beverages was incorrectly estimated by using the “indirect water” entry in the dietary exposure model.  “Indirect water” is correctly defined as the water used to prepare foods and beverages in the home, rather than water used in commercial food and beverage production as was previously assumed.  The concentration of fluoride in indirect water should, therefore, be included with identical to that in “direct water” in place of the  rather than the national direct water average as was previously used.  In addition, the body weight estimates have been revised to be harmonized with previously published Agency values.  The table below summarized the changes in this document.





			Topic


			28 October 2010 Assessment


			Current Assessment


			Location of Changes





			Indirect Water


			Indirect water was used to model fluoride exposure in beverages, including commercially prepared beverages.  The national average fluoride concentration was used.  Exposure from foods, beverages, and drinking water were modeled using DEEM-FCID 1.  





Aggregate exposure was the modeled “dietary” exposure plus the contribution from pesticides, toothpaste, and soil.


			Indirect water is included in the overall consumption of municipal water.  Exposures from foods and commercially prepared foods and beverages are accounted for using the Office of Water’s estimates.  Exposures from municipal water are based on water consumption estimates (direct + indirect water) and fluoride concentrations in the local water supply.





Aggregate exposure is the combined estimates of foods, beverages, municipal water, pesticides, toothpaste, and soil.


			Text


   Section 2.3.2


   Section 3.2


   Section 3.3


   Section 4.1





Tables/Figures


   Table 5


   Table 6


   Previous Table 7 removed


   Table 9 (previously Table 11)


   Previous Table 11 removed


   Figure 1





			Body Weight


			Body weights were back-calculated using per-capita exposure estimates taken from the Continuing Surveys of Food Intakes by Individuals.  


0.5 - <1 year = 11.0 kg


1 - <4 years = 14.6 kg


4 - < 7 years = 21.0 kg


7 - <11 years = 31.7 kg


11 - < 14 years = 49.2 kg


14+ years = 72.3 kg


			Body weights are taken from a 2004 EPA analysis of the data in the Continuing Surveys of Food Intakes by Individuals. 





0.5 - <1 year =   9 kg


1 - <4 years = 14 kg


4 - < 7 years = 21 kg


7 - <11 years = 32 kg


11 - < 14 years = 51 kg


14+ years = 70 kg


			Text


  No Changes





Tables/Figures


   Table 3


   Table 5


   Table 6


   Table 7 (previously Table 8)


   Table 8 (previously Table 9)


   Table 9 (previously Table 11) 


   Figure 1








1 DEEM-FCID = Dietary Exposure Evaluation Model – Food Commodity Intake Database.  A model for estimating dietary exposure based on consumption data in the Continuing Surveys of Food Intakes by Individuals.








Note:  Indented and italicized text within this document is a direct quotation from the reference cited at the end of the quotation.  References cited within the quoted text are not listed in the References section of this document.
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Sulfuryl fluoride (SF) is an insecticide registered for fumigation of structures and food commodities, and has been deemed by both the Office of Pesticide Programs (OPP) and the Office of Air and Radiation (OAR) to be a methyl bromide alternative.  Following application, SF rapidly breaks down to form sulfate and fluoride (F).  Analytical techniques used to analyze F following application of SF indicate that the F is generally bioavailable.





In 2004, the Health Effects Division (HED) of the OPP assessed the human health risks associated with SF fumigation of cereal grains, dried fruits and tree nuts (EPA, 2004).  In 2005 and 2006, another assessment was completed in order to examine proposed uses of SF in food processing facilities (EPA, 2006).  In both cases, the HED evaluated risks associated with exposure to SF and F, separately, and recommended for the proposed uses.  Separate tolerances were established for residues of SF (40 CFR 180.575) as well as F (40 CFR 180.145) in/on a number of commodities.  In assessing potential risks associated with fluoride exposure, the OPP used the Agency’s maximum contaminant level goal (MCLG) for fluoride of 4 mg/L along with estimates of water consumption and body weight to calculate a reference dose in units of either mg/day or mg/kg/day.  At the time those assessments were completed, the OPP was aware that the National Research Council (NRC) of the National Academies of Sciences (NAS) was reviewing, at the Agency’s request, the toxicological data for fluoride, and the OPP stated that when the NRC review was completed, the F tolerances and risk assessment would be reevaluated.





The NRC review (Fluoride in Drinking Water:  A Scientific Review of EPA’s Standards, released March 2006) concluded, “In light of the collective evidence on various health end points and total exposure to fluoride, the committee concludes that EPA’s MCLG[maximum contaminant level goal] of 4 mg/L [in drinking water] should be lowered. Lowering the MCLG will prevent children from developing severe enamel fluorosis and will reduce the lifetime accumulation of fluoride into bone that the majority of the committee concludes is likely to put individuals at increased risk of bone fracture and possibly skeletal fluorosis, which are particular concerns for subpopulations that are prone to accumulating fluoride in their bones.” [Page 10]  Although the NRC report concluded that severe dental fluorosis is an adverse health effect, the NRC report did not provide a dose-response analysis to determine a point of departure for assessing this effect.  Since release of the NRC report, the Agency’s Office of Water (OW) has been evaluating the NRC’s findings and has performed a technical examination of the available data on dental fluorosis, skeletal fluorosis (the adverse effect that serves as the basis for the current MCLG), and skeletal fractures (EPA, 2010a).  





In addition, the OW has produced a relative source contribution analysis (RSCA; EPA, 2010b) in order to examine the role of drinking water in overall fluoride exposure.  The RSCA is an examination of fluoride exposure from a number of sources, including drinking water and other beverages, background levels in food, toothpaste ingestion, air, soil ingestion, and residues in food from the use of pesticides.  The OW analysis is based on a comprehensive, in-depth review of the available literature (the previous OPP assessments associated with SF are based on exposure modeling where possible).





This assessment updates OPP’s risk estimates for fluoride, taking into account the OW hazard and exposure analyses.  The Federal Food, Drug, and Cosmetic Act (FFDCA), as amended by the Food Quality Protection Act (FQPA) of 1996, places certain legal requirements on the OPP with regard to risk assessment and making a safety finding.  Of particular importance is the requirement that the OPP take into consideration the “… special susceptibility of infants and children to the pesticide chemical residues…” as well as the “…dietary consumption patterns of consumers (and major identifiable subgroups of consumers); … [and] available information concerning the aggregate exposure levels of consumers (and major identifiable subgroups of consumers)…”  The differences in the focus of the OPP and OW exposure assessments reflect the differences in requirements between FFDCA as amended by FQPA, and the Safe Drinking Water Act, which applies to the OW.





It should be noted that this assessment focuses, primarily, on the adverse effects of exposure to fluoride.  There are, however, oral health benefits associated with fluoride exposure at lower levels.  The National Academies of Sciences Institute of Medicine has established an adequate intake level of 0.05 mg/kg/day (IOM, 1997).  At beneficial levels, fluoride reduces the incidence of dental caries by inhibiting the demineralization of enamel associated with the activity of cariogenic bacteria and by promoting rebuilding of demineralized enamel.  
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In its review of the effects of fluoride, the NRC included “the effects of fluoride on teeth, the musculoskeletal, reproductive, endocrine, gastrointestinal, renal, hepatic, and immune systems; and on the endpoints of developmental toxicity, neurotoxicity (including behavioral effects), genotoxicity, and carcinogenicity.” (NRC, 2006, p. 2).  Following their review, the NRC concluded that “…the tissues of most concern to fluoride exposures…were the teeth and bones.” (NRC, 2006, p. 2) and that “Severe enamel fluorosis compromises this health-protective function by causing structural damage to the tooth.  The damage to teeth caused by severe enamel fluorosis is a toxic effect that the majority of the committee judged to be consistent with prevailing risk assessment definitions of adverse health effects.” (NRC, 2006, p. 127).  





A detailed discussion of dental enamel fluorosis, including its biological basis and various measurement scales, can be found in the OW’s Dose-Response Analysis for Non-Cancer Effects (DRA; EPA, 2010a).  Briefly, dental fluorosis can range from the occurrence of a few white flecks or occasional white spots being present within the enamel to pitting of the enamel with brown staining and a corroded appearance.  As discussed in the DRA, the EPA has determined that (1) the pitting associated with severe dental fluorosis is an adverse health effect and the assessment of the risks from fluoride exposure should be based on this endpoint, and that (2) an assessment based on severe dental fluorosis would be protective of other adverse dental and bone effects associated with fluoride exposure (e.g., caries, skeletal fluorosis, increased risk of bone fractures).  The NRC recommended that the EPA “develop an MCLG that is protective of severe enamel fluorosis, clinical stage II skeletal fluorosis, and bone fractures…” (NRC, 2006, p. 352).  Although the purpose of this assessment is not to establish a new MCLG, focusing this FFDCA assessment on being protective of severe enamel fluorosis is in keeping with the NRC’s recommendation.





While numerous non-dental and non-bone effects following fluoride exposure have been described in the literature, neither the cause-effect or dose-response relationships of those effects are have not been well documented resulting in and there have been significant limitations associated with using results from those studies for regulatory purposes.  Where dose-response relationships have been shown between fluoride and these other effects, the effects consistently occur at doses above those associated with development of severe dental fluorosis.  Thus, risk assessments that are protective against developing severe dental fluorosis will also be protective against the bone effects and the other potential effects from fluoride exposure.
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The OW has reviewed the available literature associated with fluoride exposure through drinking water and the prevalence of dental fluorosis, and has selected a study published in 1942 by Dean as the most appropriate for deriving a reference dose (RfD).  A complete description of the hazard evaluation can be found in the DRA.





The OW notes in the DRA that there are a large number of epidemiological studies that are available and have the potential to serve as the critical study for establishing an RfD for severe dental fluorosis.  Based on confounding factors regarding sources of fluoride exposure, sample sizes from individual studies, and the variability inherent in the evaluation of dental fluorosis across studies, the 1942 Dean study is the most appropriate for deriving the RfD.  The OW conducted a benchmark dose (BMD) analysis with the data from Dean (1942) using the endpoint of severe dental fluorosis.  The BMD for 0.5% severe dental fluorosis was determined to correspond to a fluoride concentration in drinking water of 2.14 mg/L.  This BMD has a lower 95% confidence limit (BMDL) at 1.87 mg/L.  The BMDL is derived in terms of F concentration in water.  In order to determine a chronic RfD for severe dental fluorosis, age-group specific estimates of water intake (L/day) and body weight (kg) at the time of the Dean (1942) study were used to convert the BMDL into a point of departure (POD) with units of mg/kg/day.  The resulting values range from 0.04 mg/kg/day to 0.09 mg/kg/day, depending on body weight and assuming mean water intake.  





In examining the range of point-of-departure values, the OW selected 0.07 mg/kg/day as an appropriate BMDL POD for the drinking water component of the for risk assessment because it  provides a margin of 0.02 mg/kg/day between the Adequate Intake (AI,  0.05 mg/kg/day) and the upper end of the OPD range, and is supported by the Hong et al (2006) that all cases of severe dental fluorosis in teir study had exposures > 0.06 mg/kg/day) and the BMDL and is less than the upper limit (UL).  Accounting for fluoride exposure from other sources (0.01 mg/kg/day) at the time of the 1942 Dean study results in a chronic RfD for severe dental fluorosis of 0.08 mg/kg/day.  The OW has determined that the typical uncertainty factors of 10X to account for interspecies (UFA) and intraspecies (UFH) variability should be reduced to 1X.  The DRA uncertainty factor analysis follows:


In establishing an oral RfD for fluoride, data on nutritional benefit were assessed in combination with the data on severe dental fluorosis to define a level that provides anticaries protection without causing severe dental fluorosis when consumed daily for a lifetime. Conventional application of uncertainty factors is not always appropriate when carrying out a risk assessment for nutrients and other beneficial substances, especially when there is a relatively small difference between the levels that satisfy need and those that cause adverse effects. For this reason the total uncertainty factor applied was 1. The widely recognized variability in epidemiological data on the prevalence of severe dental fluorosis combined with the data demonstrating the anticaries benefit of exposures to fluoride at concentrations at or below the BMDL do not support any other approach. The margin of difference between the AI and RfD is 0.03 mg/kg/day. 





The point of departure for the drinking-water, oral RfD analysis is the lower bound for 0.5 % severe dental fluorosis in children. The sample size was large (138 to 404 individuals per data point in the critical area around the BMD (1.9–2.6 mg/L) and the participants were randomly selected. Geographic and climate differences related to the places of residence of the children examined were unlikely to contribute to sensitivity. The population studied is the group vulnerable to dental fluorosis of the secondary teeth (children ages 6 months to 14 years). In addition, human data provide the basis of the drinking-water, oral RfD. Therefore an adjustment for the use of animal data is not necessary. The duration of exposure covered the full period of sensitivity to severe dental fluorosis of the secondary teeth. A drinking-water, oral RfD of 0.08 mg/kg/day appears to be protective for possible impacts on bone fractures and skeletal fluorosis in adults, and should be protective of severe dental fluorosis of the primary teeth as well. 





The standard toxicity database for fluoride is complete. It includes chronic, reproductive, and developmental studies in animals as well as a variety of epidemiology studies in humans (NRC, 2006). Although NRC (2006) did identify research needs for the endocrine, neurological and other effects of fluoride, they generally concluded that available studies on other effects were not sufficient to assess public health relevance to the U.S. population. To date, the best documented and established public health consequence of fluoride exposure is severe dental fluorosis, skeletal fluorosis and increased risk of bone fractures. 





As a consequence, 1 is the chosen value for each of the following uncertainty factors used in this estimate of the fluoride drinking-water, oral RfD: UFH, UFA, UFS, UFL. The composite UF is also equal to 1. (EPA, 2010a, p. 106; UFH = human-to-human intraspecies uncertainty factor, UFA = animal-to-human uncertainty factor, UFS = subchronic-to-chronic uncertainty factor, UFL = LOAEL-to-NOAEL uncertainty factor)





As noted above, the DRA also includes evaluation of dietary fluoride exposure that was likely to have occurred at the time of the Dean study.  Data from 1943 indicate that an additional 0.01 mg/kg/day is a reasonable estimate of the contribution of F from food at the time of the Dean study.  Combining the point of departure from the Dean study with the exposure estimate from food and the total uncertainty factor of 1 results in a chronic RfD of 0.08 mg/kg/day, as noted in the above quotation.  The above quotation also identifies children between the ages 6 months and 14 years as the age groups susceptible to the pitted enamel of severe dental fluorosisto this effect.  Previous assessments of dental fluorosis have viewed the condition as a cosmetic effect and, therefore, focused on the visible teeth, whose enamel has generally been formed by the age of 6 years.  In assessing severe dental fluorosis as an adverse effect, EPA has expanded the age range to 14 years in order to be protective of enamel formation in the third molars (wisdom teeth).
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For establishing tolerances for residues of pesticides, the OPP is bound by the Federal Food, Drug, and Cosmetic Act (FFDCA).  Section 408(b)(2)(C) of FFDCA provides that EPA shall apply an additional tenfold (10X) margin of safety for infants and children in the case of threshold effects to account for prenatal and postnatal toxicity and the completeness of the database on toxicity and exposure unless EPA determines based on reliable data that a different margin of safety will be safe for infants and children. This additional margin of safety is commonly referred to as the FQPA Safety Factor.  In applying this provision, EPA either retains the default value of 10X, or uses a different additional safety factor when reliable data available to EPA support the choice of a different factor.  In making the determination for the FQPA Safety Factor, the OPP typically examines the completeness of the toxicity data as well as the toxicological effects associated with various life stages.  In addition, the completeness of the exposure data and the potential for exposure estimates to underestimate exposures is considered.  
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From the standpoint of having a set of acceptable OPPTS Guideline studies, the fluoride toxicology database is not complete.  However, the toxicological database for the parent compound, sulfuryl fluoride, is complete with the exception of immunotoxicity and developmental neurotoxicity studies, which have been requested as part of registration review.  To the extent that sulfuryl fluoride breaks down to the fluoride anion during testing, the studies that have been submitted for sulfuryl fluoride capture the effects of fluoride (dental fluorosis was observed in a number of studies).  In addition to the guideline studies on sulfuryl fluoride, there is a large body of published literature regarding fluoride toxicology.  In these studies, the dental and skeletal effects for fluoride are well documented in humans and severe dental fluorosis is the most sensitive adverse effect in children.	Comment by EPA: I do not think that you should say this unless you specify what studies are missing.  The state in assigning the UF of 1 that all core studies are available.  Thus, you should specify the studies required for OPP but not OW are missing.
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The susceptible population for the critical effect, severe dental fluorosis, is children.  Since the RfD was derived based on data collected from the susceptible population and the assessment is evaluating this population group, the susceptibility of infants and children is being accounted for directly.
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An important consideration for determining the children’s safety factor is the protectiveness of the exposure assessment.  As noted above, there are a number of sources that can contribute to overall fluoride exposure.  There is a high degree of variability associated with some of these sources; therefore, there is the potential for wide-ranging exposure estimates depending on the assumptions that are made when considering each source.  This variability, as well as the absolute magnitude of the exposure estimate for a particular source will affect the overall characteristics of the aggregate exposure estimates which result from combining the individual sources of exposure.  A brief characterization of the various source estimates of fluoride follows, with the point of focus being their use in an FFDCA risk assessment.  Note that a full discussion on exposure estimates is provided in Section 3.





Pesticidal Sources.  Estimates of fluoride exposure from uses of sulfuryl fluoride are highly refined.  There is little conservatism in the exposure estimates.  On a relative basis, pesticides are not a significant contributor to fluoride exposure and the lack of conservatism in these estimates has little impact on the level of conservatism in the overall exposure assessment.





Soil and Air.  As with pesticides, soil and air are not major contributors to overall fluoride exposure.  The exposure estimates from soil and air can be characterized as relatively high-end, though the conservatisms in these estimates have little impact on the overall estimates.  Note that for children with pica, a medical disorder resulting in an appetite for non-food materials including soil, this assessment may significantly underestimate exposure to fluoride from soil ingestion for children exhibiting this disorder who live in areas where soil has average-to-high fluoride content.





Foods and Beverages.  This risk assessment is based on central-tendency estimate for fluoride in foods and beverages developed by the OW in their RSCA (EPA 2010b).  Monitoring studies indicate fluoride is ubiquitous in the food supply (e.g., World Health Organization. 2002; Rao, G. S. 1984; Sherlock, JC. 1984).  To the extent that foods are broadly distributed, the use of average values for fluoride levels is likely to be an accurate reflection of dietary fluoride over longer-term exposure periods.  Locally grown foods may consistently have higher or lower levels of fluoride than assumed for this assessment.





Drinking Water.  The drinking water exposure estimates are based on high-quality monitoring data depicting fluoride levels in the drinking water supply for the majority of the population.  As with foods, the FFDCA exposure estimates are derived by coupling the fluoride concentration estimates with consumption data.  While this assessment focuses on above-average fluoride concentrations, the OPP is aware that there are documented populations who consume water with a fluoride concentration greater than the highest value used to make the FFDCA exposure estimates.  The OPP is also aware that there are groups of people who may chronically consume water at a rate greater than the U.S. average (e.g., athletes, outdoor workers, diabetics, etc.).  The exposure estimates for drinking water include community water used to prepare foods and beverages in the home.





Toothpaste.  Ingestion of toothpaste may be a significant contributor to overall fluoride exposure.  Estimates of toothpaste (and associated fluoride) ingestion vary greatly.  Estimates of exposure from toothpaste described in the RSCA (EPA, 2010b) are middle to high-end estimates on a per-brushing basis.  The FFDCA assessment assumes two brushings per day which results in some conservatism based on the frequency of brushing reported in the literature (weighted average = 1.13 brushings per day).  In light of the recommendations of the American Dental Association and the American Academy of Pediatrics for two brushings per day, the variability noted in the data regarding number of brushings per day, and the variability in the data for the amount of toothpaste ingested per brushing, the assumption of two brushings per day overestimates exposure for many children, but is unlikely to provide a large margin for safety.  
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Although the exposure estimates in this FFDCA assessment may underestimate exposures for some population groups (e.g., people whose drinking water fluoride levels exceed 2.59 mg/L, people who chronically consume large amounts of water), exposure estimates for these groups can be adequately addressed by using different assumptions regarding fluoride concentrations and/or drinking water consumption.  There are no data gaps that result in a systematic underestimate of fluoride exposure.
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Fluoride can be an important tool for prevention of dental caries, especially for populations who do not receive regular dental care.  The National Academy of Sciences’ Institute of Medicine (IOM) has determined that the adequate intake AI for fluoride is 0.05 mg/kg/day (IOM, 1997).  





From the standpoint of overall oral health, fluoride can be said to have a “U” shaped dose-response curve, wherein too little fluoride can result in reduced oral health due to increased risk of dental caries and too much fluoride can result in reduced oral health due to increased risk of severe dental fluorosis.  A benefit to oral health, in the form of reduced potential for dental caries, is associated with exposures between these two levels.  This dose-response phenomenon is not a characteristic that is typical of pesticide chemicals, which are the focus of the FQPA Safety Factor.  When evaluating chemicals that exhibit this type of dose-response curve, consideration should be given to the magnitude of the FQPA Safety Factor and its potential to produce an RfD at a level inconsistent with the scientific data.
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Given the relative completeness of the fluoride toxicology database, the use of a children-specific endpoint that is the most sensitive effect and well-documented outcome in the literature, the data indicating that there is a U-shaped dose-response curve for oral health, and our understanding of the potential exposures to fluoride, the OPP is reducing the FQPA Safety Factor for fluoride to 1X.  The chronic population-adjusted dose (PAD, equal to the RfD ÷ FQPA Safety Factor) for fluoride is, therefore, equivalent to the RfD (0.08 mg/kg/day).
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Previous FFDCA risk assessments by the OPP have considered fluoride exposures resulting from the use of sulfuryl fluoride as well as from cryolite (another pesticide), drinking water, background levels in foods (including beverages), toothpaste, and air.  The RSCA (EPA, 2010b) presents exposure estimates from these sources as well as for soil (to address exposure via soil ingestion).
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The OPP provided the OW with estimates of exposure to F due to use of SF and cryolite (EPA, 2010c) to be used in the RSCA.  The exposure estimates are derived using food consumption data from the USDA Continuing Survey of Food Intake by Individuals (CSFII, 1994-1996, 1998) and average residue values, accounting for usage of the chemicals (i.e., percent of crop treated with the pesticides; % CT).  Table 1 summarizes the exposure estimates associated with the use of sulfuryl fluoride.  The estimates include the residues resulting from structural fumigation, where food items remaining in the structure may be unintentionally fumigated, as well as residues resulting from the intentional fumigation of human food commodities.





The estimates of exposure to fluoride from the pesticidal use of cryolite and sulfuryl fluoride are highly refined and there remains relatively little conservatism left in these estimates.  The RSCA concluded that the data reflective of background levels of F in foods (Section 3.3 of this document) includes the contribution from cryolite because of that chemical’s “long history of use on a variety of crops” and that to include cryolite separately would be double-counting it as a source of F exposure.  Cryolite was registered in the U.S. in 1957.  The OPP has data regarding the extent of cryolite use and has factored that information into its exposure estimates[footnoteRef:1].  Although the food monitoring studies cited in the RSCA were not designed to specifically factor in % CT, the data do include some high values, particularly for grapes and raisins, which would indicate that use of cryolite is reflected in the data.  Given the fluoride level profiles from the monitoring studies and the fact that cryolite plays a small role in overall fluoride exposure (similar to the values for sulfuryl fluoride presented in Table 1), the OPP concurs with the RSCA that cryolite’s contribution to F exposure is adequately addressed by the estimates associated with background levels of F in foods.  Unlike cryolite, sulfuryl fluoride did not have registered food uses at the time the data being used to estimate fluoride exposures from food were collected. [1:  For different crops, estimates for % CT range from 1% to 33%, with most values falling below 5%.  For crops without specific information regarding percent of crop treated, the OPP’s analysis assumed 100%.] 






			Table 1.  Summary of Sulfuryl Fluoride Contributions to Dietary Fluoride Exposure.





			Age Range, years


			Average Estimated Exposure, mg/day


			Average Estimated Exposure, mg/kg/day





			


			SF Structural a


			SF Food b


			Total


			SF Structural a


			SF Food b


			Total





			[bookmark: _Hlk265842803]0.5 - <1


			0.0087


			0.021


			0.030


			0.0008


			0.0019


			0.0027





			1 - <4


			0.012


			0.033


			0.045


			0.0008


			0.0022


			0.0030





			4 - <7


			0.015


			0.047


			0.062


			0.0007


			0.0022


			0.0029





			7 - <11


			0.017


			0.054


			0.071


			0.0005


			0.0017


			0.0022





			11 - <14


			0.018


			0.068


			0.086


			0.0004


			0.0014


			0.0018





			14+


			0.019


			0.058


			0.076


			0.0003


			0.0008


			0.0011








a Reflecting residues resulting from fumigation of structures that may contain human food products.


b Reflecting residues resulting from intentional fumigation of human foods.





[bookmark: _Toc280080500]3.2.  Drinking Water





As part of its second six-year review of the National Primary Drinking Water Regulations, the OW received the largest and most comprehensive set of drinking water compliance monitoring data ever compiled and analyzed by the Agency.  The data include records from ca. 136,000 public drinking water systems with about 6500 to 9600 samples per year depicting detectable fluoride concentrations.  There was an increase in the number of states reporting for the subset of data from 2002-2005; therefore, the RSCA focused on those data when estimating exposure to F from drinking water.  For that time period, the average of the quarterly means across all samples is 0.87 ppm and the average for the quarterly 90th percentile values is 1.43 ppm.  Below (Table 2) is a summary of the monitoring data from 2002-2005.  





			Table 2.  Public Water System Fluoride Monitoring Data (2002-2005).  Ranges are across quarterly data in each year.  Data are from EPA 2010b.





			Statistic


			2002


			2003


			2004


			2005





			Number of Samples


			6,126-8,295


			6,910-8,562


			8,231-9,580


			7,051-9,635





			     % of Samples ≥ 2 ppm


			4.0-5.1


			5.2-6.2


			4.9-6.4


			5.4-6.8





			Number of Systems


			3,541-4,563


			4,054-4,981


			5.007-5,700


			3,869-5,472





			     % of Systems ≥ 2 ppm


			4.6-5.8


			6.1-7.2


			5.6-7.7


			6.9-8.3





			Mean*, ppm


			0.78-0.89


			0.86-0.93


			0.80-0.90


			0.84-0.95





			Median*, ppm


			0.70-0.85


			0.80-0.85


			0.69-0.80


			0.75-0.86





			90th Percentile*, ppm


			1.40-1.44


			1.40-1.47


			1.40-1.50


			1.40-1.50





			Population, millions


			50.3-82.6


			44.4-87.1


			47.7-86.7


			58.8-102.5








* Non-detect values (<0.1 ppm) are not included in computation of the mean, median, and 90th percentile statistics.





The OW’s RSCA is based on the average concentration of fluoride in water and 90th percentile consumption (consumers only) of municipal water (“direct” and “indirect” water) to estimate exposure to fluoride from water.  These estimates are summarized in Table 3.





			Table 3.  Fluoride Intake from Municipal Water (Estimates taken from EPA, 2010b).





			Age Range, years


			Water Consumption, L/day*


			Fluoride Intake, mg/day†


			Fluoride Intake, mg/kg/day§





			0.5 - <1


			0.97


			0.84


			0.093





			1 - <4


			0.72


			0.63


			0.045





			4 - <7


			0.94


			0.82


			0.039





			7 - <11


			0.99


			0.86


			0.027





			11 - <14


			1.42


			1.23


			0.024





			14+


			2.0 (EPA policy for adults)


			1.74


			0.025








* 90th percentile, consumers only.


† Assuming an average concentration of 0.87 mg/L


§Calculated by OPP using the body weight estimates from Table 5.





The OW’s approach to estimating exposure from drinking water is based on longstanding OW policy, which takes into account that, under the Safe Drinking Water Act, the OW is setting nation-wide standards for drinking water in circumstances where drinking water is the exposure route of concern.  Due to the specific requirements of FFDCA section 408 and factors related to the distribution of pesticide residues and the manner of the distribution of drinking water, the OPP has traditionally followed a slightly different approach to estimating exposure from drinking water in evaluating the safety of pesticide tolerances.  Section 408 requires EPA to assess “aggregate exposure” to a pesticide and “other related substances.”  Importantly, section 408 explicitly mandates that this aggregate exposure determination must take into account the exposure of “major identifiable subgroups of consumers.”  In evaluating the exposure of such subgroups to pesticide residues in drinking water, the OPP has not typically focused on average residue values nationally because pesticide residues in drinking water often vary quite considerably based on where pesticides are used and on environmental factors (soil types, rainfall amounts, etc.) and because drinking water is generally consumed locally rather than being distributed nationally.  Using average national residue values in drinking water in assessing aggregate exposure to a pesticide may not reflect relatively high exposures of major identifiable subgroups of consumers.  





Due to the unique aspects of the fluoride assessment (the multiple sources of exposure including artificial fluoridation of water supplies), the OPP believes it is appropriate to present both the OW’s approach to assessing exposure in drinking water as well as the OPP’s approach in evaluating the safety of fluoride under FFDCA section 408.  The OW’s approach provides valuable information on the exposure of those consumers nationwide who have higher exposure levels due to their high consumption of water.  The OPP’s approach focuses on areas of the country where exposures generally will be higher within the exposed population due in part to the concentration of F in their water.





At the OPP’s request, the OW has subsampled the monitoring data to focus on systems that had at least one detection equal to or greater than 2 ppm, 3 ppm, or 4 ppm fluoride (Khera, R., 2010).  Data from those systems are summarized in Table 4.  Given that the populations in these communities range from over 1 million to approximately 10 million, people consuming water from these water systems constitute a major identifiable population and, therefore, the fluoride levels associated with these systems are appropriate for use in this FFDCA risk assessment.





			Table 4.  Public Water System Fluoride Monitoring Data (2002-2005).  Summary Statistics for Systems Reporting at Least One Sample ≥ 2, 3, or 4 mg F/L.





			Item


			Surface Water Systems 1


			Ground Water Systems


			All Systems





			Number of people served by systems reporting at least one sample equal to or greater than:


			


			


			





			2 mg F/L


			3,903,827


			6,003,480


			9,907,307





			3 mg F/L


			1,824,692


			2,178,857


			4,003,549





			4 mg F/L


			546,490


			1,101,347


			1,647,837





			Number of systems reporting at least one sample equal to or greater than:


			


			


			





			2 mg F/L


			134


			2,275


			2,409





			3 mg F/L


			40


			980


			1,020





			4 mg F/L


			18


			499


			517





			Percent of reported monitoring periods with an average reported concentration equal to or greater than:2


			


			


			





			2 mg F/L


			18.7%


			56.0%


			54.0%





			3 mg F/L


			18.8%


			52.4%


			51.1%





			4 mg F/L


			15.4%


			45.9%


			44.8%





			Percent of reported monitoring periods with a maximum reported concentrations equal to or greater than:3


			


			


			





			2 mg F/L


			26.9%


			60.5%


			58.7%





			3 mg F/L


			26.3%


			58.0%


			56.7%





			4 mg F/L


			23.4%


			51.5%


			50.5%





			Average concentration (2002-2005) for systems reporting at least one sample equal to or greater than:4


			


			


			





			2 mg F/L


			1.11 mg/L


			1.86 mg/L


			1.76 mg/L





			3 mg F/L


			1.26 mg/L


			2.36 mg/L


			2.28 mg/L





			4 mg F/L


			1.43 mg/L


			2.64 mg/L


			2.59 mg/L





			90th percentile concentration (2002-2005) for systems reporting at least one sample equal to or greater than:


			


			


			





			2 mg F/L


			1.79 mg/L


			4.09 mg/L


			3.84 mg/L





			3 mg F/L


			1.79 mg/L


			4.92 mg/L


			4.86 mg/L





			4 mg F/L


			2.00 mg/L


			5.27 mg/L


			5.22 mg/L








1. Includes surface water systems and systems classified as ground water under the influence of surface water.


2. Percent equals average percent across systems. The percent for each system equals the total number of monitoring quarters in which the system average concentration exceeds the threshold divided by the total number of monitoring quarters for that system.


3. Percent equals average percent across systems. The percent for each system equals the total number of monitoring quarters in which the system maximum concentration exceeds the threshold divided by the total number of monitoring quarters for that system.


4. Average of all samples reported in years 2002-2005 for systems in each threshold subset.





The OPP’s estimates of exposure from drinking water (Table 5) assume average consumption (EPA 2004b) and average fluoride concentrations for systems reporting at least one sample greater than or equal to 2 mg F/L, systems reporting at least one sample greater than or equal to 3 mg F/L, and systems reporting at least one sample greater than or equal to 4 mg F/L (Table 4).  For comparison purposes, Table 5 also includes estimates from low-fluoride systems (represented by 0.1 mg F/L) and the national average (0.87 mg F/L).





			Table 5.  Estimates of Fluoride Exposure (mg/kg/day) from Drinking Water Based on Average Consumption.





			Age Range, years


			Body Weight, kg *


			Consumption, L/day *	Comment by EPA: I think you should add a footnote that the consumption values in this case are for all individuals and not consumers only.


			Fluoride Concentration in Drinking Water, mg/L†





			


			


			


			0.1


			0.87


			1.76


			2.28


			2.59





			0.5 - <1


			9


			0.394


			0.0044


			0.038


			0.077


			0.10


			0.11





			1 - <4


			14


			0.316


			0.0023


			0.020


			0.040


			0.052


			0.059





			4 - <7


			21


			0.394


			0.0019


			0.016


			0.033


			0.043


			0.049





			7 - <11


			32


			0.430


			0.0013


			0.012


			0.024


			0.031


			0.035





			11 - <14


			51


			0.525


			0.0010


			0.0090


			0.018


			0.024


			0.027





			14+


			70§


			1.016


			0.0015


			0.013


			0.026


			0.033


			0.038








* From EPA 2004b.  For the 14+ age group, the weighted average for consumption is presented.


† Exposure = Concentration (mg/L) × Consumption (L/day) ÷ Body Weight (kg).


§ EPA policy for adult body weight.  EPA 2004b lists the average body weight for ages 15+ years as 75 kg.





The OPP notes that the data collected by the OW do not address fluoride levels in private wells.  Studies by the U.S. Geological Survey (Quality of Water from Domestic Wells in the United States, http://water.usgs.gov/nawqa/studies/domestic_wells/) indicate that 1.2% of private wells contain fluoride at concentrations of at least 4 mg/L (the current MCL) and that approximately 4% of wells in the western and south-central U.S. exceed the 4 mg/L standard.  A review of other fluoride monitoring data compiled by the USGS indicates that the range of concentrations of fluoride in private wells is adequately represented by the monitoring data from the public water systems summarized in Tables 2 and 4.  The OPP also notes that the exclusion of the non-detect samples in the analysis of the monitoring data will have little, if any, impact on the values being used in the FFDCA assessments since those assessments focus on population subgroups being served by systems reporting higher levels of fluoride and reporting of non-detectable concentrations of fluoride are unlikely for these systems.





[bookmark: _Toc280080501]3.3.  Background Exposure from Foods and Beverages  





The RSCA includes a critical review of a large number of studies, including monitoring studies, wherein fluoride levels in various foods and beverages were reported, as well as diet studies, where actual intake of dietary fluoride was estimated.  The RSCA considered beverages (not including drinking water) separately from solid foods.  A summary of the RSCA food and beverage fluoride exposure estimates is presented in Table 6.[footnoteRef:2] [2:  As previously noted, this assessment corrects an error in previous assessment which relied on the “indirect water” input in DEEM-FCID to account for fluoride in commercially prepared foods and beverages.  There is no entry in DEEM-FCID to address “commercial water;” therefore, this source of fluoride exposure cannot be accounted for in the modeling approach.] 






			Table 6.  Summary of Estimated Fluoride Exposures Attributable to Background Levels in Food and Beverages.  Data are from EPA, 2010b.





			Age Range, years


			Body Weight, kg†


			Estimated Fluoride Exposure, mg/day


			Estimated Fluoride Exposure, (mg/kg/day)





			


			


			Solid Food*


			Beverages


			Total


			Solid Food*


			Beverages


			Total 





			0.5 - <1


			9


			0.26


			--*


			0.26


			0.029


			--*


			0.029





			1 - <4


			14


			0.16


			0.36


			0.52


			0.011


			0.026


			0.037





			4 - <7


			21


			0.35


			0.54


			0.89


			0.017


			0.026


			0.042





			7 - <11


			32


			0.41


			0.60


			1.01


			0.013


			0.019


			0.032





			11 - <14


			51


			0.47


			0.38


			0.85


			0.0092


			0.0075


			0.017





			14+


			70


			0.38


			0.59


			0.97


			0.0054


			0.0084


			0.014








† From Table 5.


* Solid food includes milk as well as fruit and vegetable juices not made from concentrate.  These are not categorized as beverages in the FDA Total Diet Study (Egan et al., 2007).  For the age range 0.5-<1 year, all fluoride was considered to be from powdered formula and falls into the food category.





[bookmark: _Toc280080502]3.4.  Toothpaste





A large number of studies have investigated the exposure to fluoride through use of fluoridated toothpaste.  Ingestion of toothpaste is an important component in overall fluoride exposure estimates, and assumptions regarding the number of brushings per day greatly affect the aggregate exposure estimate.  A summary of the RSCA regarding these studies follows.  


There are a number of studies that report on toothpaste use and resultant potential total exposure from fluoridated dentifrice. A more limited set of data are available from studies where the ingestion of toothpaste during tooth brushing was measured. In the toothpaste ingestion studies, the toothpaste placed on the toothbrush was measured and corrected for that left on the toothbrush after brushing and that expectorated during post-brushing rinsing of the mouth. The difference was assumed to be swallowed. The data from these studies are summarized in Table 6-4. Each estimate is highly uncertain since the confidence bounds around the mean values are indicative of high inter-individual variability (See Table 4-9). Estimates may be high because the studies were conducted before the recommendation became widely publicized for children to use only a pea-sized amount of fluoride when brushing. 





Fluoride intakes represent one brushing per day, a value that is applicable to about half the population for children < 3 years old according to the data collected by Franzman et al. (2006), Levy et al. (1997), and Simard et al. (1991). The number of brushings appears to increase to twice a day for older children (Simard et al., 1989) but this estimate lacks confirmation from other studies. (EPA, 2010b, p. 97)





			Table 7.  Summary of Estimated Fluoride Exposures from Incidental Ingestion of Fluoridated Toothpaste.  Data are from EPA, 2010b.





			Age Range, years


			Estimated Fluoride Exposure, mg/day


			Estimated Fluoride Exposure, mg/kg/day*





			


			1 brushing per day


			2 brushings per day


			1 brushing per day


			2 brushings per day





			0.5 - <1


			0.07


			0.14


			0.0078


			0.016





			1 - <4


			0.34


			0.68


			0.024


			0.049





			4 - <7


			0.22


			0.44


			0.010


			0.021





			7 - <11


			0.18


			0.36


			0.0056


			0.011





			11 - <14


			0.2


			0.4


			0.0039


			0.0078





			14+†


			0.1


			0.2


			0.0014


			0.0029








* Calculated by the OPP using body weight estimates from Table 5.


† No data were available for this age group.  The exposure estimate is one half that of the 11-14 year group.





[bookmark: _Toc280080503]3.5.  Other Sources





The RSCA includes consideration of a number of other sources of fluoride exposure.  Of these, only exposure from ingestion of soil was quantified.  The RSCA summarized these other sources as follows:


There are other sources of fluoride exposure such as ambient air, dietary supplements, professional dental treatment products, and some pharmaceuticals. These sources make minimal contributions to daily exposures during the period of dental fluorosis vulnerability. NRC (2006) estimated that average exposures from ambient air would be 2 micrograms per day for children and 4 micrograms per day for adults. Supplements are not recommended for use in cases where water is fluoridated and thus would not be appropriate at the 0.87 mg/L concentration that represents the national average fluoride concentration for public water systems (Section 3.3) because it falls within the recommended fluoridation range. Professional dental fluoride treatments are episodic and do not contribute greatly to the average daily intake when normalized across time. The major chronic-use, fluoride containing pharmaceuticals (i.e. Zocor and Prozac) do not include young children among their target population. Intakes of the antibiotic Ciptoflaxozin (Cipro) by children would be episodic rather than chronic. In addition, the covalently-bound fluorine in pharmaceuticals does not appear to be bioavailable (NRC, 2006). (EPA, 2010b, p. 91 ff)





Fluoride ranks 13th or 14th in terms of its elemental abundance in the earth’s crust. Thus, fluoride in soil could be a source of inadvertent exposure, primarily for children. Typical fluoride concentrations in soil in the United States range from very low (<10 ppm) to as high as 7% (70,000 ppm) in some areas with high concentrations of fluorine-containing minerals (ATSDR, 2003). Mean or typical concentrations in the United States are on the order of 300-430 ppm. Soil fluoride content may be higher in some areas due to use of fluoride-containing phosphate fertilizers or to deposition of airborne fluoride released from industry.





The EPA (2008) Child-Specific Exposure Factor’s Handbook recommends use of a combined soil and outdoor dust ingestion rate of 60 mg/day for children < 1 year old and 100 mg/day for children 1 to < 21 years of age. Using an average fluoride concentration of 400 ppm, the exposure from soils for an infant (<1 year) would be 0.02 mg/day and that for older children and adolescents would be 0.04 mg/day. The estimated intake for adults in the EPA (1997) Exposure Factors Handbook is 50 mg/day and equivalent to a 0.02 mg/day exposure from soils with an average concentration of 400 ppm. Erdal and Buchanan (2005) estimated intakes of 0.0025 and 0.01 mg/kg/day for children (3–5 years), for mean and reasonable maximum exposures, respectively, based on a fluoride concentration in soil of 430 ppm. In their estimates, fluoride intake from soil was 5–9 times lower than that from fluoridated drinking water.





For children with pica (a condition characterized by consumption of nonfood items such as dirt or clay), an estimated value for soil ingestion is 10 g/day (U.S. EPA, 1997). For a 20-kg child with pica, the fluoride intake from soil containing fluoride at 400 ppm would be 4 mg/day or 0.2 mg/kg/day. Although pica in general is not uncommon among children, the prevalence is not known (U.S. EPA, 1997). Pica behavior specifically with respect to soil or dirt appears to be relatively rare but is known to occur (U.S. EPA, 1997). Fluoride intake from soil for a child with pica could be a significant contributor to total fluoride intake. For most children and for adults, fluoride intake from soil probably would be important only in situations in which the soil fluoride content is high, whether naturally or due to industrial pollution. (EPA, 2010b, p. 89 ff)





Soil ingestion by young children was determined using an average soil concentration of about 400 ppm (see Section 5.3) and the EPA estimates of 60 or 100 mg/day for soil ingestion by young children (U.S. EPA, 2008). (EPA, 2010b, p. 92)	Comment by EPA: This paragraph and the one that follows it seem redundant to paragraph 3 of this section.





The estimated intake for adults in the EPA (1997) Exposure Factors Handbook is 50 mg/day and equivalent to a 0.02 mg/day exposure from soils with an average concentration of 400 ppm. (EPA, 2010b, p. 98)





			Table 8.  Summary of Estimated Fluoride Exposures from Incidental Ingestion of Soil and Outdoor Dust.  Data are from EPA, 2010b.





			Age Range, years


			Estimated Fluoride Exposure*, mg/day


			Estimated Fluoride Exposure, mg/kg/day†





			0.5 - <1


			0.02


			0.0022





			1 - <4


			0.04


			0.0029





			4 - <7


			0.04


			0.0019





			7 - <11


			0.04


			0.0013





			11 - <14


			0.04


			0.00078





			14+


			0.02


			0.00029








* Assumes soil and dust contains 400 ppm fluoride.


† Calculated by the OPP using body weight estimates from Table 5.





The fluoride concentration estimate is from the upper end of the range of average values, and the soil/dust ingestion estimate from the Child-Specific Exposure Factor’s Handbook is an upper-end estimate, resulting in a conservative estimate for most people.  Generally, soil is not a major contributor to overall fluoride exposure and inclusion of higher-end exposure estimates will not have a significant impact on aggregate risk estimates relative to the variability in estimates from other sources.  The estimates in Table 8 are likely to underestimate exposure for children with pica who live in areas with soils that contain average or higher F levels.  For these children, the NRC estimates fluoride exposure from soil ingestion alone could be as high as 0.2 mg/kg/day (NRC, 2006, p. 46).
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Aggregate exposure to fluoride is dependent on its concentration in various media (foods, beverages, soils, toothpaste, etc.) as well as on various behaviors within the population.  These behaviors include dietary patterns, water consumption, oral hygiene, pica behavior, etc; and may be influenced by socio-economic status and other parameters with environmental justice implications.





Estimates of exposure from foods, beverages, drinking water, toothpaste, soil, and from the use of sulfuryl fluoride have been combined to estimate aggregate fluoride exposure.  Adding the contributions from each of these sources as point estimates in order to obtain average exposure estimates is appropriate since all of the point estimates being combined are central-tendency values.  The range of exposure estimates depends, of course, on the assumptions regarding fluoride levels used in the analyses.  Some discussion of the fluoride levels being used for the aggregate exposure analysis is presented below.  A ranking of the exposure estimates discussed in Section 3 shows that for all population age groups, soil and sulfuryl fluoride contributes very little to overall exposure when looking at central-tendency estimates for all sources.





[bookmark: _Toc280080506]4.1.1.  Fluoride in Foods





The OPP has selected central-tendency concentration estimates for fluoride in foods based on values reported in the literature.  The use of central-tendency values is in keeping with OPP policies regarding chronic exposure assessments, with the understanding that the nation-wide distribution of foods and the variability of food consumption patterns over a long-term period effectively result in central-tendency exposures over that period. 
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As with the exposure from foods, the OPP has used the exposure estimates for beverages reported in the OW RSCA.  Those values are central-tendency estimates.
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The OPP has used different values for fluoride in drinking water to estimate the range of aggregate exposures.  The lowest value, 0.1 mg/L, is the modal minimum reporting level from the public water system monitoring data.  This represents a limit of quantitation for fluoride analysis.  Although this is the lowest value being used, exposure estimates based on this value may overestimate exposure from drinking water for persons whose water supply has very low fluoride levels (i.e., less than 0.1 mg F/L).  The highest value being modeled is 2.59 mg/L, which is the average value from public water systems reporting at least one sample with a fluoride concentration of at least 4 mg/L.  People being served by a private well may be exposed to fluoride concentrations in their water that are significantly greater than that depicted by results from the assessment based on 2.59 mg F/L.  It is difficult to estimate how many people fall in this category. As a point of reference, exposures have also been estimated based on the overall average concentration of F in drinking water (0.87 mg/L).





The OPP has identified people being served by systems reporting at least one sample with a fluoride concentration of at least 2 mg/L as an identifiable population of consumers.  In order to estimate exposures and risks associated with fluoride exposure for this population group, the OPP has modeled exposure based on fluoride concentrations of 1.76 mg/L in drinking water (the average fluoride concentration for these systems) as well as 2.28 mg/L (the average for systems reporting at least one sample ≥ 3 mg/L) and 2.59 mg/L (the average for systems reporting at least one sample ≥ 4 mg/L).  The OPP typically uses high-end, worst-case estimates of pesticide residues in drinking water when assessing human health risk.  Given that 2.59 mg/L is an average value from water systems reporting at least one sample ≥ 4 mg/L, there are likely to be populations of consumers whose drinking water fluoride level exceeds 2.59 mg/L; therefore, estimates derived from this level of fluoride in drinking water are likely to underestimate aggregate exposure for some people.





The OPP notes that it is possible to incorporate a distribution of values to represent the level of fluoride in drinking water rather than assess multiple point estimates.  An examination of the fluoride data compiled by the U.S. Geological Survey (www.usgs.gov) shows that temporal variation in fluoride concentrations is, on average, less than 20%.  This implies that fluoride concentrations are fairly consistent and assessing exposure based on a broad range of fluoride concentrations would not be appropriate.





[bookmark: _Toc280080509]4.1.4.  Fluoride from Incidental Toothpaste Ingestion





The OPP has included a range of exposure estimates associated with ingestion of toothpaste.  Unlike drinking water, the concentration of fluoride in toothpaste is quite consistent (1000 – 1100 ppm fluoride ion).  Behavioral aspects of brushing teeth, including frequency and the amount of toothpaste that is swallowed, can be quite variable.  In estimating aggregate exposure, the OPP has used central-tendency estimates for the amount of fluoride ingested (see Table 8) and assumed 0, 1, or 2 brushings per day.  As described above (Section 2.3.2), the assumption of 1 brushing per day is near the weighted average (1.13 brushings per day) from the study data reported in the RSCA.  Two brushings per day is in keeping with health care recommendations and appears to be representative of a significant portion of the study populations.
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Table 9 presents modeled estimates, derived from the dietary model discussed above (Section 4.1), of fluoride exposure from foods (naturally occurring fluoride + cryolite-derived fluoride), beverages, incidental soil and toothpaste ingestion, the use of sulfuryl fluoride, and drinking water.  For drinking water, the fluoride concentration values of 1.76, 2.28, and 2.59 mg/L were selected to be representative of the systems discussed above.  The two remaining scenarios depicted in Table 9 are intended to reflect fluoride exposures for consumers with very low fluoride levels in their drinking water (0.1 mg/L) and consumers being served by systems that actively fluoridate the water supply (0.87 mg F/L is the overall average from the monitoring data and falls within the range of recommended fluoridation levels, 0.7 – 1.2 mg F/L).  Modeling this range of fluoride concentrations in drinking water provides estimates of the range of fluoride exposures from these sources for the U.S. age groups susceptible to severe dental fluorosis.





FFDCA Estimates.  OPP has focused, specifically, on people who are served by systems reporting at least one monitoring sample with levels of fluoride ≥ 2 mg/L.  The average value for these systems is 1.76 mg F/L (Table 4).  The FFDCA estimates assume average consumption of foods, drinking water, and beverages (at 0.87 mg F/L), ingestion of fluoride from brushing teeth twice per day (which is the frequency currently recommended by the American Dental Association and the American Academy of Pediatrics), average exposure from soil, and average exposure from use of sulfuryl fluoride.  The estimates listed in Table 9 include fluoride concentrations in drinking water of 1.76 mg/L, 2.28 mg/L or 2.59 mg/L which are the average from systems reporting at least one sample ≥ 2 mg/L, ≥ 3 mg/L, or ≥ 4 mg/L, respectively.  Other sets of assumptions may result in exposure estimates greater than those listed as FFDCA estimates (Table 9).  The range of these estimates is reflected in Figure 1.  There may be populations whose characteristics do not match the assumptions listed for the FFDCA estimates and whose exposure is greater than those estimates.





RSCA Estimates.  The exposure estimates from the RSCA are included for comparative purposes.  These estimates are based on average, literature-reported estimates of exposure from food and beverages; a single brushing per day with fluoride toothpaste (Section 3.4), sulfuryl fluoride and soil as discussed in Sections 3.1 and 3.5, respectively, and 90th percentile estimates for consumers only of drinking water with fluoride at the average concentration (0.87 mg/L).





Comparing the FFDCA and RSCA exposure assessments indicates that the exposure levels are fairly similar.  Although these assessments have different underlying assumptions, they are mutually supportive in that they identify major subgroups of people – whether those subgroups are defined nationally or locally – with similar exposure patterns.
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			Table 9.  Estimates of Aggregate Fluoride Exposure.





			Age Range, Years


			Exposure Estimates, mg/kg/day


			Aggregate Exposure Estimates, mg/kg/day





			


			Dietary a


			Toothpaste b


(once/day)


			Toothpaste b


(twice/day)


			Soil c


			Sulfuryl Fluoride d


			Average e


			RSC f	Comment by EPA: This column does not make any sense to me.


			FFDCA g





			


			


			


			


			


			


			


			


			1.76 mg F/L


			2.28 mg F/L


			2.59 mg F/L





			[bookmark: _Hlk271141545]0.5 - <1


			0.029


			0.0078


			0.016


			0.0022


			0.0027


			0.080


			0.13


			0.13


			0.15


			0.16





			1 - <4


			0.037


			0.024


			0.049


			0.0029


			0.0030


			0.087


			0.11


			0.13


			0.14


			0.15





			4 - <7


			0.042


			0.010


			0.021


			0.0019


			0.0029


			0.074


			0.097


			0.10


			0.11


			0.12





			7 - <11


			0.032


			0.0056


			0.011


			0.0013


			0.0022


			0.052


			0.068


			0.070


			0.077


			0.081





			11 - <14


			0.017


			0.0039


			0.0078


			0.00078


			0.0018


			0.032


			0.047


			0.045


			0.051


			0.054





			14+


			0.014


			0.0014


			0.0029


			0.00029


			0.0011


			0.029


			0.042


			0.044


			0.051


			0.056








a 	From Table 6.


b 	From Table 7.


c	From Table 8.


d	From Table 1.


e 	Assumes average dietary exposure + average water consumption of drinking water (0.87 mg F/L; Table 5) + 1 brushings/day with fluoride toothpaste + average exposure estimates from soil + average exposure estimates from sulfuryl fluoride.


f	The Relative Source Contribution estimates assume 90th percentile consumption of drinking water (consumers only) containing 0.87 mg F/L (Table 3) + average exposure from food and beverages + 1 brushing/day with fluoride toothpaste + average exposure estimates from soil + average exposure estimates from sulfuryl fluoride.  


g	The FFDCA estimates assume average dietary exposure at various fluoride concentrations in drinking water + 2 brushings/day with fluoride toothpaste + average exposure estimates from soil + average exposure estimates from sulfuryl fluoride.  These estimates are applicable to a relatively small, but fairly highly exposed subpopulation.  The contribution from water at the various fluoride concentrations comes from Table 5.
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In estimating aggregate risks, the OPP compares the population-adjusted dose (PAD; 0.08 mg/kg/day) with exposure estimates for the populations being assessed.  Risk estimates are generally of concern when the exposure estimates exceed the PAD.





In the case of fluoride, the variety of exposure sources and variability in human hygiene and dietary behaviors result in a broad range of exposure estimates.  These estimates, as shown in Figure 1, indicate that for some populations the fluoride exposures are below levels that are beneficial for oral health (i.e., less than the IOM’s adequate intake level of 0.05 mg/kg/day).  The estimates also show that for other populations, the fluoride exposures are well above the level deemed to be protective against adverse effects (0.08 mg/kg/day).  The OPP stresses that this assessment does NOT indicate that the majority of the U.S. population is receiving excessive exposure to fluoride.  Furthermore, the fluoride exposure for a particular individual can only be determined based on that individual’s particular set of circumstances.  As noted above, however, there are major identifiable subgroups of consumers within the U.S., for whom there is a high degree of certainty that their exposure to fluoride is greater than the PAD.  These populations are likely to have one or more of the following characteristics:  higher-than-average fluoride levels in their drinking water; higher-than-average rates of water consumption; and/or poor control of their swallow reflex, resulting in toothpaste ingestion.  Other factors, such as dietary patterns (e.g., high tea consumption), may lead to fluoride exposure that falls within the range of being a concern.  





Currently, the FDA recommends that children under the age of 2 years old not brush with toothpaste containing fluoride.  The OPP has not attempted to separately assess aggregate exposure without toothpaste for children <2 years old.  Data for the various sources of exposure are limited and the OPP is uncertain about the extent to which the recommendation is being followed.  Therefore, the aggregate assessments for the 0.5 - < 1 year old and 1 - <4 year old age groups include brushing with fluoridated toothpaste.  The OPP notes that the FFDCA exposure estimates for these two age groups remain above the RfD even after subtracting the contribution from toothpaste.





Within the framework of the FFDCA, and based on the most recent findings regarding severe dental fluorosis as an adverse effects and the levels of fluoride exposure at which it occurs, the HED concludes that the required reasonable-certainty-of-no-harm finding cannot be made for aggregate exposure to fluoride consistent with its understanding and prior application of that standard. 






[image: ]


Figure 1.  Range of fluoride exposure estimates.  Estimates include fluoride from foods, beverages, drinking water, incidental ingestion of fluoride toothpaste, and average incidental ingestion of soil.  Within each grouping of paired columns, the higher column reflects the aggregate estimate including the average contribution from the use of sulfuryl fluoride whereas the lower column does not include the contribution from sulfuryl fluoride.


Legend:	Low = Average consumption of food, beverages and drinking water containing 0.1 mg F/L and no contribution from toothpaste.
Average = Average consumption of food, beverages and drinking water containing 0.87 mg F/L and one brushing per day with fluoride toothpaste.
OW RSCARelative Source Contribution = 90th percentile consumption of drinking water (consumers only) containing 0.87 mg F/L + average exposure from food and beverages (literature-reported values) + 1 brushing/day with fluoride toothpaste + average exposure estimates from soil + average exposure estimates from sulfuryl fluoride.
Federal Food, Drug, and Cosmetic Act = Three sets of estimates are provided.  All assume average consumption of food, beverages and drinking water, and two brushings per day with fluoride toothpaste.  The concentrations of fluoride in drinking water are 1.76 mg/L, 2.28 mg/L or 2.59 mg/L which are the average from systems reporting at least one sample ≥ 2 mg/L, ≥ 3 mg/L, or ≥ 4 mg/L, respectively. 
RfD = Reference dose protective for development of severe dental fluorosis = 0.08 mg/kg/day.
AI = Adequate intake established by the Institute of Medicine = 0.05 mg/kg/day.
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Joyce Donohue/DC/USEPA/US@EPA
To:

Jonathan Fleuchaus/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA, Richard
ce: Loranger/DC/USEPA/US@EPA, Steve Knizner/DC/USEPA/US@EPA, Tina Levine/DC/USEPA/US@EPA, Kelly
' Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Meredith Laws/DC/USEPA/US@EPA,
Steven Bradbury/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA
12/14/2010 12:56 PM

Date:

Updated Fluoride Assessment
Subject:

Hi Joyce,

Thanks, again, for helping us get the indirect water issue straightened out. Attached is an updated
assessment, taking into account my new understanding of what indirect water represents. The
exposure values should now be completely in line with those in the RSCA, except for water due to our
programs' policy differences (we are also continuing to work in mg/kg/day rather than kg/day). Could
you please look the document over and let me know if you have any comments, concerns, etc? I've
also included a document comparison file which highlights the differences between this version and the
one we completed at the end of October, since that may help you focus on things that have changed.

Apparently we may be called upon to have something ready by the end of this week, so if you can do
this in a couple of days, I'd really appreciate it. Sorry for the short notice.

Regards,
Mike

[attachment "Fluoride Assessment 14 Dec Revised D382938.mem.docx" deleted by Joyce
Donohue/DC/USEPA/US] [attachment "Update vs 28 Oct Document Compare.docx" deleted by Joyce
Donohue/DC/USEPA/US]






From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Updated Pesticide Contribution
Date: Thursday, May 02, 2013 2:28:55 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:54 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Michael Doherty/DC/USEPA/US@EPA
Date: 06/07/2010 10:55 AM

Subject: Re: Updated Pesticide Contribution

Thanks for letting me know that we will get a revised appendix.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Final OW Fluoride Documents - Part 2 the peer review reports
Date: Thursday, May 02, 2013 2:40:21 PM

Attachments: EINAL - EPA Response to Comments RSC_ORNL_Nov_8_2010.pdf

EINAL-EPA Response to comments_Dose-response_ORNL_Nov_5_2010.pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 02:01 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Jonathan Fleuchaus/DC/USEPA/US@EPA

Cc: Elizabeth Doyle/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Date: 01/04/2011 12:16 PM

Subject: Re: Final OW Fluoride Documents - Part 2 the peer review reports

(See attached file: FINAL-EPA Response to comments_Dose-
response_ORNL_Nov_5 2010.pdf)(See attached file: FINAL - EPA Response to
Comments_RSC_ORNL_Nov_8 2010.pdf)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Final OW Fluoride Documents

Date: Thursday, May 02, 2013 2:42:39 PM

Attachments: Study Summaries-Dental Fluorosis ORNL_Oct_28_2010.pdf

EINAL FLUORIDE DOSE-RESPONSE-report ORNL_Dec 24 2010.pdf
Study Summaries-Skeletal Fluorosis ORNL_Oct_28_2010.pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 02:02 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Jonathan Fleuchaus/DC/USEPA/US@EPA

Cc: Elizabeth Doyle/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Date: 01/04/2011 11:55 AM

Subject: Re: Final OW Fluoride Documents

Group 1

(See attached file: FINAL FLUORIDE DOSE-RESPONSE-

report_ ORNL_Dec 24 2010.pdf)(See attached file: Study Summaries-Dental
Fluorosis_ORNL_Oct_28 2010.pdf)(See attached file: Study Summaries-Skeletal
Fluorosis_ORNL_Oct_28 2010.pdf)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Jonathan Fleuchaus---01/04/2011 11:40:13 AM---Would you please send me a copy of the final OW
fluoride dose-response and RSCA documents. | want t

Jonathan Fleuchaus/DC/USEPA/US
From:
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Elizabeth Doyle/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA, Joyce
Donohue/DC/USEPA/US@EPA

To:

01/04/2011 11:40 AM
Date:

Final OW Fluoride Documents
Subject:

Would you please send me a copy of the final OW fluoride dose-response and RSCA documents. |
want to be sure I've got my references and cites correct. Thanks






From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Review of OPP Draft Order on Objections - The missing attachment
Date: Thursday, May 02, 2013 2:41:13 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 02:05 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Jonathan Fleuchaus/DC/USEPA/US@EPA

Date: 10/14/2010 09:21 PM

Subject: Re: Fw: Review of OPP Draft Order on Objections - The missing attachment

You are correct. Since the first text started with the 0.34, | just looked at the numbers below it. The
version | looked at did not include the 0.5 to<1 group and had 0.2 for the second number. There was
no 0.2 on the Table there was only the 0.22 and 0.18. | can get lost when looking at too many
numbers.

| liked reading the document. | told Beth that it made me think of the way my father, who was an
attorney, tried to teach us to organize our thoughts when one of my sisters and | were a high school
debaters now many, many years ago.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: mclg to rfd
Date: Thursday, May 02, 2013 2:41:51 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 02:07 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Jonathan Fleuchaus/DC/USEPA/US@EPA
Date: 06/17/2009 09:45 AM

Subject: Re: mclg to rfd

| think you changes do improve the clarity about what was done. However | still do not fully
understand the following bullet:

Back-calculating a RfD-like value for age groups
from the MCLG results in significantly higher RfD-
like values for children

| though that the 8 mg/day that would result from an adult drinking 2L/ day was used for the calculation
and not the 4 mg/day for a child drinking 1 L per day (the OW value for children) was used to obtain
the RfD for all age groups. However, | have never fully understood what was done.

Can you add to the following as follows ... RfD-like value for severe skeletal fluorosis?
Relied on OW MCLG hazard analysis by back-calculating a RfD-like
value from the MCLG

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Jonathan Fleuchaus---06/17/2009 09:28:43 AM---Joyce, | made a couple of changes to make clear
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OPP did not calculate a RfD for fluoride.

Jonathan Fleuchaus/DC/USEPA/US
From:

Joyce Donohue/DC/USEPA/US@EPA
To:

Angela Huskey/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Cc:

06/17/2009 09:28 AM
Date:

mclg to rfd
Subject:

Joyce,
| made a couple of changes to make clear OPP did not calculate a RfD for fluoride.

First, | added some additional language to the prior slide:

o OPP’s Risk Assessment

e Aggregate exposure to fluoride from food (the pesticides SF and
cryolite), air, toothpaste, and water as required by FQPA

e Relied on OW MCLG hazard analysis by back-calculating a RfD-
like value from the MCLG

Then, | amended the slide you commented on as follows:

e Protection of children

o MCLG uses intra-species UF/SF of 2.5X

o OPP removed the FQPA children’s SF

o Back-calculating a RfD-like value for age
groups from the MCLG results in significantly
higher RfD-like values for children

e Persons exposed to high, background levels of
fluoride in drinking water

o OPP assumed 2 mg/L which OPP estimated to

be the 99" percentile





Does this address your concerns?

Jon






From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: mclg to rfd
Date: Thursday, May 02, 2013 2:41:38 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 02:06 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Jonathan Fleuchaus/DC/USEPA/US@EPA
Date: 06/17/2009 10:16 AM

Subject: Re: mclg to rfd

| agree that you do not need that detail. | was just unsure how it was done and had been under the
impression from earlier discussions that the 8 mg was divided by body weight rather than taking
concentration times consumption and dividing by body weight. | do not think | ever saw anything in
writing on how it was done, so | just misunderstood the verbal description. My questions was driven by
my curiosity rather than a need to include the information in the briefing.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Jonathan Fleuchaus---06/17/2009 10:07:17 AM---You are correct, in back-calculating we multiplied
the MCLG by consumption (by age group) and then d

Jonathan Fleuchaus/DC/USEPA/US

From:

Joyce Donohue/DC/USEPA/US@EPA
To:

Angela Huskey/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Cc:

06/17/2009 10:07 AM
Date:
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Re: mclg to rfd
Subject:

You are correct, in back-calculating we multiplied the MCLG by consumption (by age group) and then
divided by body weight (by age group). Thus for adults it was (4 mg/L x 2 L/day)/70 kg. | didn't think
all of that detail was necessary for this briefing.

| will add the reference to "severe skeletal fluorosis"

Joyce Donohue---06/17/2009 09:45:21 AM---1 think you changes do improve the clarity about what
was done. However | still do not fully unders

Joyce Donohue/DC/USEPA/US

From:
Jonathan Fleuchaus/DC/USEPA/US@EPA
To:
06/17/2009 09:45 AM
Date:
Re: mclg to rfd
Subject:

| think you changes do improve the clarity about what was done. However | still do not fully
understand the following bullet:

Back-calculating a RfD-like value for age groups
from the MCLG results in significantly higher RfD-
like values for children

| though that the 8 mg/day that would result from an adult drinking 2L/ day was used for the calculation
and not the 4 mg/day for a child drinking 1 L per day (the OW value for children) was used to obtain
the RfD for all age groups. However, | have never fully understood what was done.

Can you add to the following as follows ... RfD-like value for severe skeletal fluorosis?
Relied on OW MCLG hazard analysis by back-calculating a RfD-like
value from the MCLG

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460





Telephone: 202-566-1098
FAX: 202-566-1140

http://epa.gov/waterscience/

Jonathan Fleuchaus---06/17/2009 09:28:43 AM---Joyce, | made a couple of changes to make clear
OPP did not calculate a RfD for fluoride.

Jonathan Fleuchaus/DC/USEPA/US

From:
Joyce Donohue/DC/USEPA/US@EPA
To:
Angela Huskey/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
Cc:
06/17/2009 09:28 AM
Date:
mclg to rfd
Subject:
Joyce,

| made a couple of changes to make clear OPP did not calculate a RfD for fluoride.

First, | added some additional language to the prior slide:

o OPP’s Risk Assessment

e Aggregate exposure to fluoride from food (the pesticides SF and
cryolite), air, toothpaste, and water as required by FQPA

e Relied on OW MCLG hazard analysis by back-calculating a RfD-
like value from the MCLG

Then, | amended the slide you commented on as follows:

e Protection of children

o MCLG uses intra-species UF/SF of 2.5X

o OPP removed the FQPA children’s SF

o Back-calculating a RfD-like value for age
groups from the MCLG results in significantly
higher RfD-like values for children

e Persons exposed to high, background levels of
fluoride in drinking water
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o OPP assumed 2 mg/L which OPP estimated to
be the 99" percentile

Does this address your concerns?

Jon






From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Surgeon General Fluoride Reports
Date: Thursday, May 02, 2013 2:41:54 PM
Attachments: Koop-1984 and 1982.pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 02:08 PM -----

From: Joyce Donohue/DC/USEPA/US

To: William Jordan/DC/USEPA/US@EPA, Carrie Wehling/DC/USEPA/US@EPA, Jonathan Fleuchaus/DC/USEPA/US@EPA
Cc: Elizabeth Doyle/DC/USEPA/US@EPA

Date: 08/25/2010 03:21 PM

Subject: Surgeon General Fluoride Reports

Beth Doyle asked me to send you the communications from Dr Koop to EPA regarding fluoride. There
are two segments to the attachment one dated 1984 from Dr. Koop and the other the report from the
committee dated 1982.

(See attached file: Koop-1984 and 1982.pdf)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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Mr, Willdiam D. Ruckelghaus
Adzizigtrator

Eavirommental Protactloz Azezcy
401 M Streez, S.W.

Wastington, D.C. 20460

Dear Mz. Ruckelghaug:

Oz July 30, 1982, I responded to & request from the EZxvironmental Protectien
Agency (EPA) to review the scientific aspects of epldemiological studies
relating to the effects of fluoride ingested through drinking water and to
provide advice on the validity and significance of the findings relative to
dental fluorosis. My summary conclusiom, based oo the lack of sufficiexnt
scientific evidence to the contrary, was that deatal fluorosis, while not a
desirable condition, was nevertheless not an adverse health effect. Thus,
from an oral health standpoint, fluoride as currently found im U.S. drinking
water supplies, does not constitute a hazard. A copy of that response is
enclosed (Tab A).

This letter is in response tc a Jamuary 19, 1983 EPA request that “the Public
Health Service (PES) review medical and epide=miologic literature om fluoride
and pon—dental (underlining added) health effects.” Specifically, the PHES was
requested ~to make recommendations on the significance of that data relative
to drinking water fluoride concentrations.”

I convened an expert committee to review the scientific literature aad to
assess the contimued validity of past findings irn terms of ongoing research.

a copy of the committee report is enclosed (Tab B). My conclusioos and
recommendations are made in consideration of the ad hoc committee's report and
subsequent considerations by the committee chairzam, other consultants and PES
authorities.

Adverse health effects were defined by the committee as death (poisoning),
gastrointestinal hemorrhage, gastrointestinal 4{rritation, arthralgias, and
erippling fluorosis. No record exists of poisoning death from fluorides
consumed in drinking water. There are mo sclentifically credible reports of
gastrointestinal effects at levels found in drinking water. Clinical
experience suggests that arthralgias are nmot likely to occur in patients who
are on therapeutic regimens of less that 20 milligrams (mg) per day.
Crippling fluorosis has been detected in some people who have consumed 20 mg
or more of fluoride per day from all sources for tWenty or more jears. Such a
situation does not exist in the U.S. today.








~ Fluoride can produce medically deteczable changes iz :sissue, particularls
bone, {n individuals who have consuc=ed less thaz 20 =g of fluoride per dav.
There has been radiological evidence of mild osteosclerssis (increased bSene
density) in & few individuals who have regularly usec drinking water
containing fluoride at levels as low as 5 milligrazs per liter (onme milligra=
Per liter = ome part per million [ppm]). Facsors such as total intake, age,
and the presence of other medical conditions or other envirommental factors
could {nfluence. the occurrence of these early r
be ezphasized tha: these chazges are not consid

-

c.cgical changes. L mus:
- ~

ad
es acverse health effects.
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My letter of July 30, 1982 addressed the dental effec:zs of fluoride in
drinking water. My recommendations about the advisazility of limfiting
fluoride concentrations to twice tie optimum in order o avoid unsightly
dental fluorosis still pertain. At the same tizme, based oz current sciemsifin
evidence, there is essentially no likelihood ¢f even zcz-adverse medical
effects where drinking water supplies comtaln up o fsur tizes the optizuxz
concentration of fluoride.

Because of the very limited number of studies which adérass the medical
effects of regularly using drinking water containing fluoride at levels over
four times optimum, I strongly reaffirz wy previous recommendztion that
additional studies be conducted so that thls recommezdation can stand or be
ad justed on the basis of more complete sclentific evidence.

Thazk you for the opportunity to provide this adéisis=zl informatioz for your
consideration and guidance for future policy.

Sincerely yours,

-

@. &L-VLGC

C. Evere:zt Koop, M.D.
Surgeon Geaeral

Eaclosures
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The Surgeon General of the
Public Health Service
o Washington OC 20201

July 30, 1982

-’&L.. (6 ravue b/ Ja —#51) e vese 4y
i

Mr. John W. Hernandez, J=.

Deputy Administrator

U.S. Environmental Protectiocn Agency
Washington, D.C. 20460

Dear Mr. Hernandez:

This letter is in response to your request that the Public Bealth Service
(PES) review the scientific aspects of the epidemiological studies related
to the effects of fluoride ingested through drinking water and provide
advice on the validiry and significance of the fiadings relative to dental
fluorosis.

At the direction of the Chief Dental Officer, FHS, an internal ad hoc
committee was established to accomplish this review. The findings of this
committee are:

1., An optimum concentration of fluoride im drinking water is best defined
as that concentration which provides the highest level of protection
against dental caries conmsistent with a minizal prevalence of

\ clinically observable dental fluorosis.

2. The traditional method that takes into account the effect of air
temperature on water consumption for estimating optimum fluoride
concentrations remains scientifically valid. Standards established by
that method specify optimum concentratioms of fluoride ranging from

" 0.7 to 1.2 p.p.m. for various geographic areas within the U.S.
depending on the annual average of the maximum daily air temperatures.

3. It has been well documented that persons bora and reared in
communities with optimum concentrations of fluoride in their drinking
water supplies have on an average 50 to 65 percent less dental caries
than persons reared in communities with lower fluoride levels in their
drinking water.

4, No sound evidence exists which shows that drinking water with the
various concentrations of fluoride found naturally in public water
supplies in the U.S. has any adverse effect on general health.

5. No sound evidence exists which shows that drinking water with the
various concentrations of fluoride found naturally in public water
supplies in the U.S. has any adverse effect on dental health
as measured by loss of function and tooth mortality.

6. Several studies have reported that greater caries preventive
bepefits are realized by consuming water with various higher than
optimum concentrations of fluoride. Some data suggests that
children with severe fluorosis have less protection against

dental caries than children with lesser degrees of fluorosis.’
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Bowever, it is not clear if protection remains higher among -
children with severe fluorosis than among children consuming
optimally fluoridated water.

7. As the natural flucride concentration in water supplies increases
beyond the recommended optimum, an increasing percentage of
individuals exhibit dental fluorosis which may range from scarcely
noticable color change to confluent pitting of the enamel surface.
Whether and to what extent these changes are considered cosmetically
objectionable is subjective, varying by individual and community.

8. Overall, data suggest that at fluoride concentratioms in drinking
water as great as three times optimum, dental fluorosis is largely
limited to color changes. At the fluoride concentration of four
times optimum, some data suggest a marked increase in the prevalence
of severe fluorcsis, whereas other data indicate that the prevalence
of severe fluorosis continues to be low. Because of the equivocal
nature of the data at four times optimum, the dose—response curve
for severe fluorosis between three and four times the optimum
has not been clearly defined.

9. To minimize the occurrence of undesireable cosmetic effects, it 1is
most prudent to maintain the upper limit of fluoride in drinking

g water at two times the recommended optimum cencentration.
1 concur with the above findings. Also, as omne concerned about the
total well-being of the individual and one dedicated in helping people
avoid impediments to their reaching their maximum potential in society,
I cannot condonme the use of public water supplies that may cause
undesirable cosmetic effects to teeth, just as I caanot condone the use
of water supplies below the optimum concentration because of a diminished
protection against dental caries. Therefore, I encourage communities
having water supplies with fluoride concentrations of over two times
optimum to provide children up to age nine with water of optimum fluoride
concentration to minimize the risk of their developing esthetically
objectionablée dental fluorosis. Furthermore, I encourage the dental
profession in communities which do not enjoy the benefits of an optimally
fluoridated drinking water supply to exercise effective leadership in
bringing the concentration toO within an optimum level.

I commend the U.S. Environmental Protection Agency for its support of
research on fluorides in drinking water and encourage continued study.
I shall promote within the Public Health Service continued scientific
advancement of knowledge about the effects of fluoride on health.

Thank you for the opportunity to provide this information for your
consideration and guidance for future policy.

Sincerely,

Co Everet‘.t Koop, MnDo
Surgeon General
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July 21, 1982

Committee:

Dr.
Dr.
Mr.
Dr.
Mr.
Dr.

1Iﬂ-D
THC &4

AD EOC COMMITTEE
REPORT ON

DENTAL FLUOROSIS

Tullio Albertini, Division of Dentistry, PHS

William Bock, Dental Disease Prevention, Activity, CDC
John Cofrancesco, Indian Health Service, HSA

William Driscoll, Natfonal Caries Program, NIDR

John Scott Small, Fluoridation Specialist, NIDR
Norman Clark, Office of the Chief Dental Officer, PHS
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AD HOC COMMITTEE ON DENTAL FLUOROSIS:
DRAFT REPORT TO THE CHIEF DENTAL OFFICER, PHS

I. Introduction

In 1946, the PHES published guidelines in the form of drinking water
standards that set an upper limit of 1.5 ppm for fluoride, presumably
to av~id ohjectional fluorosis on the hasis of data from Dean's
studies. In 1962, the revised PHS drinking water standards raised the
upper limit for fluoride to twice the local optimum concentration ().
The exact reasons for that change are not available to the committee,
but this guideline was still clearly intended to limit the occurrence
of dental fluorosis that was of only cosmetic significance.

The Safe Drinking Water Act (P.L. 93-523), passed in 1974, directed
the EPA to promulgate primary drinking water regulations for limiting
contaminants that might “"have any adverse effect on the health of
persons” (2). The EPA included fluoride under this health effect
category and adopted the twice-optimum upper 1limit (now “maximum
contaminant level®™) from the 1962 standards (3).

The U.S. Environmental Protection Agency (EPA), under a provision of
the Safe Drinking Water Act, 42 U.S.C. 300f, has promulgated
regulations which in part require all communities with water supplies
naturally containing fluoride 1in excess of ¢twice the optimum
concentration to lower the fluoride content of their water (2,3). A
1980 amendment has extended the exemptions from compliance with this
requirement until January 1, 1984, or until January 1, 1986, 1f the
water system 4in question agrees to comply with the regulations by
becoming a part of a regional water system.

On June &, 1981, the South Carolina Department of Health and
Environmental Control, pursuant to the Administrative procedure Act, 5
U.S.C. 553(c), filed a petition requesting the EPA to exercise 1its
rulemaking authority to repeal 40 CFR 141.11(c), that portion of the
National Interim Primary Drinking Water Regulations establishing
Maximum Contaminant Levels (MCLs) for fluoride. The Adminstrator of
EPA acknowledged receipt of the petition and agreed to consider the
petitioners request as part of the process of developing Revised
National Primary Drinking Water Regulations (4).

As a result of the South Carolina petition, the EPA offered an

accelerated review of the fluvoride limit to be completed by August '

1982 (15). The review is to be carried out in cooperation with the
Office of the Surgeon General, Public Health Service, the American
Dental Association, and other interested parties.

The purpose of this Committee is to review current scientific data
related to the effects of fluoride ingested through drinking water and
provide advice to the EPA on the validity and significance of these
data relative to dental fluorosis.
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IT. Aealth conei{derations of fluoride ingeat&on

A.

Effect on general health

Investigations comparing morbidity and mortality rates between
fluoridated and non-fluoridated areas are numercus. In one
comprehensive study carried out in 1954, opersons exposed to
8.0 ppm of naturally occurring fluoride present 4a the
drinking water of Bartlett, Texas, were compared with a
similar grdup of 4individuals exposed to 0.4 ppm naturally
occurring fluoride 4in the drinking water of Cameron, Texas, 25
miles from Bartlett. Except for a higher incidence of dental
fluorosis in Bartlett, the findings showed no significant
differences in morbidity for a wide range of sgystemic
abnormalities (5). Comparative mortality rates were studied
in 1961 4n 18 sgelected fluoridated and non-fluoridated
Canadian communities at the request of the Ontario Committee
of 1Inquiry. The Committee concluded "...the mortality rates
under consideration are not 4nfluenced by the fluoride
concentration of the water supply (6). In an exhaustive
review of the subject, the Report of the Royal Commissioner
into the fluoridation of Publie Water Supplies, Hobart,
Tasmania concluded 4n 1968 “the studies referred to (in the
report) do not support any suggestion that fluoridation has or
could have an adverse effect on morbidity or mortality (7).

Effect on dental health
1. PFluoride ingestion at optimum concentration

Fluoridation of community water supplies to the
recommended concentration has been firmly established as a
safe and effective public health measure for the
prevention of dental caries. The procedure has

consistently been demonstrated to reduca the prevalence of
dental caries by approximately 50 to 65 percent (8-12).

Extensive d{nvestigations have been carried out to
determine what constitutes an optimum concentration of
fluoride for a community water supply. Foremost among

these investigations was the «classic 21-city study
reported by Dean in 1946 (13). The water supplies of the
cities contained naturally-occurring fluorides at
concentrations ranging from zero to 2.6 parts per million
(ppm). Dean concluded from these data that a fluoride
concentration of about 1.0 ppm constituted an optimunm
amount. This optimal concentration i{s generally defined
as that concentration which concomitantly provides maximal
protection against dental caries consistant with minimal
dental fluorosis. With only two exceptions, the 21 cities
surveyed by Dean were located within a confined geographic
area’ (the midwest). Later work by Galagan and his
co-workers demonstrated that the optimum fluoride
concentration varied from one geographic area to another,
depending on annual average maximum dally air temperature

LR







(14-16). Temperature influenced fluid intake and, hence,
the amount of fluoride ingested. Galagan and Vermillion
provided a table of recommended optimum fluoride
concentrations, ranging from 0.7 ppm in the warmest
temperature zones of the United States to 1.2 pra for the
coldest temperature zones (17).

Summary of studies of fluorifde ingestion at
higher-than optimum concentrat.ons
(a) Fluorosis findings 4

Water fluoride concentrations ranging from about optimum
to less than 2 times optimum:

The opercentages of children showing moderate
fluorosis ranged from about 1 percent to about 13
percent. Most studies showed about 3 percent or
less.

The percentages of children ahowing severe
fluorosis ranged from zero to about 3 percent.

Water fluoride <concentrations ranging from 2 times
optimum to less than 3 times optimum:

The percentages of children showing moderate
fluorosis ranged from about & percent to about 16
percent.

The percentages of children showving severe
fluorosis ranged from gzero to about § percent.

Water fluoride concentrations ranging from about 3 times
optimum to less than 4 times optimum:

The percentages of children showing moderate
fluorosis ranged from about 5 percent to about 34
percent.

The percentages of children showing severe
fluorosis ranged from zero to about 8 percent.
Most studies showed about 3 percent or less.

Water fluoride concentrations ranging from about 4 times
optimum to less than 5 times optimum:

The percentages of children showing moderate
fluorosis ranged from 6 percent to &40 percent.
Most studies showed about 20 percent or more.







The percentages of children showing severe
fluorosis ranged from zero to about 23 percent,

Water fluoride concentrations of about 5 times optimum
and esbove:

The percentages of children showing moderate
fluorosis ranged from about 11 percent to about
50 percent. LA :

The percentages of children showing sgevere
fluorosis ranged from about 18 percent to about
58 percent.

It i3 not 1ikely, nor is there evidence to show,
that cosmetic changes in the appearance of the tooth are
in any vay harzful to the tooth. These changes range
from ecarcely noticable color change to pitting of the
enanel surfsce. Depending on the fluoride concentration
of the water and certain other factorb such as individual
susceptibility and amounts of water ingested during the
calcification stage of tooth development, the pits may
appear as isolated single pits, or as areas of multiple
confluent pits. The presence of increasing degrees of
confluent pitting results in the 1loss of progressively
larger areas of enamel until, wultimately, the entire
enamel surface has a corroded appearance and may present
an altered morpholeogical shape. Such extensively
involved teeth are subject to greater than normal surface
attrition.

(b) Caries prevalence findings*

Table 2 presents mean DMF tooth and surface scores for
the children, according to water fluoride level. PFor
DMF teeth, the mean score at the optimum fluoride 1level
was 2.17 DMFT per child. By comparison, the scores at
all three higher than optimal levels were substantially
lower. Scores at 2 and 4 tinmes optimal were similar, at
1.38 and 1.49 DMFT per child, respectively. The 1lowest
score, 1.02 DMFT per child, occurred among children at
the 3X optimal level. With regard to DMF surfaces, the
relationship in the size of the scores among the various
water fluoride levels was the same as that for DMF
teethe. The mean DMFS score at the optimal fluoride
level was 3.14 per chila, vhereas, at the fluoride
levels of 2,3 and 4 times optimal, the respective scores
were 1.97, 1.41 and 2.02 DMFS per child. Statistical
comparisons between all pairs of DMFT and DMFS scores
wvere made, using Scheffe's method for multiple
comparisons. This analysis showed that, for both DMFT
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and DHFS, the caries scores at' all three higher than
optimal fluoride 1levels were significantly lower than
the score at the optimal level. Hovever, none of the
differences 4{n scores among the higher than optimal
fluoride groups were statistically significant, even
though scores for both DMPFT and DMFS at 3 times optimum
were noticeably lower than the corresponding scores at 2
and 4 times optimum.

Hith reglrd to the findings of other iav:stigators on
the relationship between fluoride concentrations 4n
drinking water and the prevalence of dental caries, Dean
reported that there was 1little {f any additional
reduction in dental caries at fluoride concentrations
above the optimum (13). More recent reports, however,
are in agreement with the NIDR findings in that caries
preventive benefits are realized from consuming wvater
containing fluoride at thigher than the recommended
eptimum concentrations (18-22), Some data indicate that
children with severe dental fluorosis have a higher
prevalence of dental caries when compared with children
having 1lesser degrees of dental fluorosis (23,24).
However, because of the limited data available, it is
not clear whether or not the caries prevalence of
children with severe fluorosis continues to be lower
than that of children who consume optimally fluoridated
wvater.

Psychological effects

Few people would disagree that the cosmetic effects of dental
fluorosis become progressively less desirable as the fluoride
concentration exceeds the recommended optimal level. However,
the point at . which the effects become cosmetically
undesirable, and ultimately become unacceptable, is a highly
subjective 41ssue and {4s one that would undoubtedly vary
greatly from community to community and from individual to
individual depending upon how the residents perceive the
condition. The committee found no controlled studies that
evaluated the psychological effects of dental fluorosis.

I11. Conclusions

A,

An optimum concentration of fluoride in drinking water is
best defined as that concentration which provides the
highest level of protection against dental caries consistent
with a minimal prevalence of clinically observable dental
fluorosis.

The traditfional method that takes into account the effect of
air temperature on water consumption for estimating

optimum fluoride concentrations remains scientifically
valid. Standards established by that method specify optimum
concentrations of fluoride ranging from 0.7 to 1.2 ppo.

for various geographic areas within the U.S. depending on
the annual average of the maximum daily air temperatures.







C.

Tt has been well documented that persons born and reared in
cormunities with optimum concentrations of fluoride ia their
drinking water supplies have on an average 50 to 65 percent
less dental caries than persons reared in communities with
lover fluoride levels in their drinking water. .

Ko sound evidence exf{sts which shows that drinking water with

the various concentrations of fluoride found naturslly in

public water supplies in the U.S. has any adverse effect on
general health. B

No sound evidence exists which shows that drinking water with

the various concentrations of fluoride found naturally im

public water supplies in the U.S. has any adverse effect on

dental health as measured by loss of function and tooth mortality.

Some data indicates that children with severe dental fluorosis
have a higher prevalence of dental caries when compared with
children having lesser degrees of dental fluorosis (23,24).
Bowever, because of the limited data available, it is not clear
whether or not the caries prevalence of children with severe
fluorosis continues to be lower than that of children who consume
optimally fluoridated water.

As the natural fluoride concentration in water supplies
increases beyond the recommended optimum, an increasing
percentage of individuals exhibit dental fluorosis which may
range from scarcely noticeable color change to confluent
pitting of the enamel surface. Although conspicuous colorT
changes definitely warrant concern, whether and to what
extent these changes are considered cosmetically objection-
able is subjective, varying by individual and community.

Overall, data suggest that at fluoride concentrations in drinking
water as great as three times optimum, dental fluorosis is
largely limited to color changes. At the fluoride
concentration of four times optimum, some data suggest

a marked increase in the prevalence of severe fluorosis,
whereas other data indicate that the prevalence of severe
fluorosis continues to be low. Because of the equivocal
nature of the data at four times optimum, the
dose-response curve for severe fluorosis between three and
four times the optimum has not been clearly defined.

To minimize the occurrence of undesirable cosmetic effects, it
i1s most prudent to maintain the upper limit of fluoride in o
drinking water at two times the recommended optimum concentration.

In its deliberations the committee noted that additional research

is needed to further clarify the dose-response relationship at
fluoride concentrations exceeding approximately 3 times the
recommended optimum. The committee recognized that much of the
research to date on dental effects has focused upon childhood N
populations and feels that more information is needed to clearly
define any later dental consequences among adults of the use of
water with high concentrations during the years of tooth development.







Table 1. Percentage Distribution of Children Using Water
with Different Fluoride Concentrations Classified at Having
Moderate or Severe Dental Fluorosis and Community Fluorosis
Index Scores Using Dean's Criteria

Ratio of F Fluorosis Classification
No. F Concen. Optimum F Conc. to % Distribution of Children CFI

Community Children (ppm) Conc. (ppm) Optimum Conc. Moderate (3) Severe (4) Score

(Ref. 1) .
Clovis, NM : 179 2.2 0.8 2.8 13.4 0 1.48
East Moline, IL .- 110 1.5 1.0 1.5 0.9 0 j 0.29
Galesburg, IL ~ 57 1.8 1.0 1.8 3.5 0 0.58
Colorado Springs, CO([- 148 2,5 1.0 2.5 14.2 3.4 1.42
Plainview, TX — 97 2.9 0.8 3.6 23.7 3.1 1.85
Amarillo, TX — 289 3.9 0.8 4.9 33.9 13.2 2.39
Conway, SC*+— 59 4.0 1.0 4.0 23,7 11.9 2.11
Lubbock, TX/ - 189 4.4 0.8 5.5 46.0 17.9 2.79
Post, TX - 38 5.7 0.8 7.1 50.0 39.5 3.34
Ankeny, IA 21 8.0 1.1 7.3 47.6 42.9 3.33

(Ref. 2)
Elmhurst, IL - 170 1.8 1.0 1.8 1.2 0 0.67
Galesburg, IL “— 273 1.9 1.0 1.9 1.1 0 0.69
Clovis, NM '~ 138 2.2 0.9 2.4 11.0 0.7 1.4
Colorado Springs, CO' ~ 404 2.6 10 2.6 8.9 1.5 1.3
Chetopa, KA — 65 7.6 0.8 9.5 10.8 58.5 3.2
Bauxite, AR & - 26 14.1 0.8 17.6 38.5 53.8 3.4

(Ref. 3)
Tucson, AZ + - 316 0.7 0.7 1.0 2.0 0 0.46
Chandler, AZ 7~ 95 0.8 0.7 1.1 2.0 1.0 0.52
Florence, AZ | — 70 a2 0.7 : 13.0 3.0 1.12
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Ratlo of F Fluorosis Classification
No. F Concen. Optimum F Conc. % Distribution of Children CF1
mmunity Children (ppm) Conc. {(ppm) Optimum Conc. Moderate(3) Severe (4) Score
(Ref. 4)
ris, sC' 21 3.8 1.0 3.8 9.0 0 1.48
mway, SC (Middle)” 39 4.0 1.0 4.0 38.0 6.0 2.05
snway, SC (Elementary). 10 4.0 1.0 4.0 40.0 2.0 2.15
ikewood, SC _— 39 4.2 1.0 4.2 33.0 3.0 1.60
>rth Myrtle Beach, SC 36 4.8 1.0 4.8 6.0 0 1.00
(Ref. 5)
ingsville, TX 363 0.7 0.7 1.0 1.0 0 0.5
lvin, TX 211 1.3 0.8 1.6 1.0 0 0.5
ngleton, TX 187 1.1 0.8 1.4 2.0 0 0.6
ort Stockton, TX 301 2.0 0.8 2.5 4.0 0 1.0
onahansg, TX 170 I | 0.8 2.6 14.0 0 1.4
lpine, TX 23 2.0 0.8 2.5 13.0 0 1.4
illsboro, TX 22 2.1 0.8 2.6 4.0 0 1.5
erryton, TX 90 2.3 0.9 2.6 7.0 0 1.3
ittlefield, TX 110 1.9 0.8 2.4 16.0 0 1.4
atesville, TX 113 2.4 0.8 3.0 5.0 0 1.2
bernathy, TX 67 2.5 0.8 3.k 34.0 0 2.0
‘aylor, TX 189 o e 0.8 4.1 31.0 1.0 1.9
(Ref. 6)
.ewanee, IL 336 1.1 1.0 1.1 1.8 0.6 0.39
tonmouth, IL 143 2.1 ). 0 2.1 8.4 4.9 1.16
ibingdon and ‘
Elmwood, IL 192 2.9 1.0 2.9 7.8 8.3 1.25
(para, Rushmill, and
Table Grove, IL 136 3.9 1.0 3.9 7.4 22.8 1.38
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TABLE 2

\iean DMF Tooth and DMF Surface Scores
1]

of Cnildren Actording to Water Fluoride

level - Illinois

Water riuoride No. of ¥ean No. Mean No.
Level (hildren DMFT DIFS
Optimal 336 2.7 3.14
2X Optimal 143 1.38 1.97
3x Optimal 192 1.02 1.4
|_ax optiml 136 1.49 2.02








APPENDIX

Methods for Assessing Dental Fluorosis

The most widely used system for classifying dental fluorosis
is that described by H.T. Dean in 1942 (19). According to
Dean's classifications, teeth are given the following scores,

depending on the degree of fluorosis. '
Degree of fluorosis : Score
Rormal=====ceccccccccccca== “wmsa 0
Questionabler—~=~memwe~wamm—— k! 3 ORSS
Very mild~mmmmms R R —a ),
Mild-=mromrnnr s s c e ~w—— 2
Moderate-=~========-- reme e ]
SEVErg-—-manscasan e e o - &

The criteria used in assigning these classification are
as follows:
Classification/Score Criteria

Normal (0) The enamel presents the usual translucent
geni-vitriform type of structure. The
surface is smooth, glossy, and usually
of a pale creamy white color.

Questionable (0.5) The enamel discloses slight aberrations
from the translucency of normal enamel,

- ranging from a few white flecks to
occasional white spots. This classification
is vwtilized in those instances where a
definite diagnosis of the mildest form
of fluorosis 43 not warranted and a
clagssification of "normal” not justified.

Very mild (1) Small, opaque, paper white areas scattered
irregularly over the tooth but not
involving as much as approximately 25
per cent of the tooth surface. Prequently
included in this classification are teeth
showing no more than about 1-2 mm of
vhite opacity at the tip of the summit
of the cusps of the bicuspids of second
molars.

Mild (2) The white opaque areas in the enamel of
the teeth are more extensive but do not
involve as much as 50 per cent of the

" tooth.
Moderate (3) All enamel surfaces of the teeth are
- affected, and surfaces subject to

attrition show marked wear. Brown
stain is frequently a disfiguring
' feature.
Severe (&) All enamel surfaces are affected and
hypoplasia is so marked that the
general form of the tooth may be

. | - 11 -







affected. The major diagnostic sign
of this classification 43 the
digscrete or confluent piteing.

Brown etains are wvidespread and
teeth often present a corroded=-

like appearance.

Classification of an individual child is based on the
condition of the two teeth in the mouth that showed the
same, most severe form of fluorosis. Por exanple, 1if a
child has one tooth scored as severe~-=-4, five teeth as
moderate--3, and the remaining teeth as having milder
forms of fluorosis, the child is classified as having
moderate fluorosis~-=3.
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Answering Sussman"s Questions on Fluoride
Date: Thursday, May 02, 2013 1:52:39 PM
Attachments: Concentration and population estimates_wfm.doc

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:45 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Kelly Sherman/DC/USEPA/US@EPA

Cc: Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric Burneson/DC/USEPA/US@EPA, William
Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

Date: 11/19/2010 11:47 AM

Subject: Re: Fw: Answering Sussman's Questions on Fluoride

Dear Kelly:

Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations
at the 90th percentile drinking water intakes which are used by the Office of Water. Please let me
know if you have any questions?

(See attached file: Concentration and population estimates_wfm.doc)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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			Data Table for Concentration Estimates





			Parameters


			0.5-<1 year



mg/day


			1 - <4 years



mg/day


			4<<7 years



mg/day





			Fluoride Intakes (mg/day)


			


			


			





			Food (powdered formula)


			0.25


			0.16


			0.35





			Sulfuryl fluoride 


			0.03


			0.05


			0.06





			Beverage (tap water excluded)


			0


			0.36


			0.54





			Toothpaste (one brushing/day)


			0.07


			0.34


			0.22





			Soils


			0.02


			0.04


			0.04





			Total without toothpaste


			0.30


			0.61


			0.99





			Other variables


			


			


			





			Body weight (kg)


			9


			14


			21





			RfD x body weight (mg/day) (daily allowance)


			0.72


			1.12


			1.68





			Water intake –mean (L/day)


			0.467


			0.349


			0.442





			Water intake – 90th percentile (L/day)


			0.971


			0.723


			0.943





			Limitation = fluoride from dental products other than toothpaste not quantified



There is no beverage for the youngest age group because all fluid represented by tap water in formula.  The fluoride in the powdered formula is included in the food component








Calculations


Amount left for water = age adjusted F (mg/day) – total from sources other than tap water and toothpaste 



Drinking water concentration = amount left for water ÷ water intake 



Age 0.5- <1 year 



0.72 mg/day – 0.30 mg/day = 0.42 mg/day



Concentration (mean intake) = 0.42 mg/day ÷ 0.467 L/day = 0.9 mg F/L



Concentration (90th percentile) = 0.42 mg/day ÷ 0.971 L/day = 0.4 mg/L



Age 1 -< 4 years



1.12 mg/day – 0.61 mg/day = 0.51 mg/day


Concentration (mean intake) = 0.51 mg/day ÷ 0.349 L/day = 1.5 mg F/L 


Concentration (90th percentile) = 0.51 mg/day ÷ 0.723 L/day = 0.7 mg/L



Age 4 -< 7 years



1.68 mg/day – 0.99 mg/day = 0.69 mg/day



Concentration (mean intake) = 0.69 mg/day ÷ 0.442 L/day = 1.6 mg F/L



Concentration (90th percentile) = 0.69mg/day ÷ 0.943 L/day = 0.7 mg/L



Population Estimates



Estimated of the number of individuals with Sever Dental Fluorosis (Ages 5 to 29 years) 



Equation – 2009 Census population estimates in the age range x Mean percent severe dental fluorosis NHANES ages 6 to 29 – value not releasable


105,338,313 x 0.0043 = 452,954 (approximately half a million)


Number of children at currently at risk for developing severe dental fluorosis (Under 5 years- 2009 Census estimates) x mean percent with severe dental fluorosis from above)



21,299,656 x 0.0043 = 91,588 (approximately a hundred thousand)





From: Joyce Donohue

To: Donohue. Joyce
Subject: Fw: Answering Sussman"s Questions on Fluoride
Date: Thursday, May 02, 2013 1:51:55 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:45 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Kelly Sherman/DC/USEPA/US@EPA

Date: 11/19/2010 01:26 PM

Subject: Re: Fw: Answering Sussman's Questions on Fluoride

No we do not get the same answer. | sent all the data so that Mike could determine why? The
concentration calculations do not include any fluoride from toothpaste and do include sulfuryl fluoride.
Values were derived for both mean and 90th perceintile intakes.

At the mean water intake the limiting concentration for drinking water is 0.9 mg/L for the 0.5to < 1
year age group derived for those who use powdered formula for their infants. that is the largest group
based on what we received from FDA. The concentration for the 1-<4 year olds with mean drinking
water intakes is 1.5 mg/L. None of our values is a match for what you sent.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Kelly Sherman---11/19/2010 12:55:49 PM---Thanks, Joyce. Your concentration calcuations are
helpful, but they don't directly answer Sussman's

Kelly Sherman/DC/USEPA/US
From:

Joyce Donohue/DC/USEPA/US@EPA
To:



mailto:Donohue.Joyce@epamail.epa.gov

mailto:Donohue.Joyce@epa.gov

http://epa.gov/waterscience/

http://epa.gov/waterscience/



Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA,

S Michael Doherty/DC/USEPA/US@EPA

11/19/2010 12:55 PM
Date:

Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Thanks, Joyce. Your concentration calcuations are helpful, but they don't directly answer Sussman's
guestion, which is -- what changes have to happen to the other sources of fluoride exposure in order to
keep the sulfuryl fluoride tolerances.

Specifically, he wants to know what the water concentration would have to be to keep the aggregate
exposure estimate for children younger than 4 years below the RfD of 0.08 if we assume (1) no fluoride
exposure from toothpaste; (2) mean water intake; and (3) SF is a source of exposure.

Our calculations show that the answer to that question is 1.97 mg F/L. Do you get the same answer to
that question?

Re the population estimates - thanks for the information. We need to caucus here to figure out exactly
what to relay back to Sussman.

Thanks!

Kelly Sherman

Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue---11/19/2010 11:47:37 AM---Dear Kelly: Attached are our calculations for the three
youngest age levels in our analysis. Our re

Joyce Donohue/DC/USEPA/US

From:
Kelly Sherman/DC/USEPA/US@EPA
To:
Cynthia Dougherty/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Eric
ce: Burneson/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA
11/19/2010 11:47 AM
Date:
Re: Fw: Answering Sussman's Questions on Fluoride
Subject:

Dear Kelly:





Attached are our calculations for the three youngest age levels in our analysis. Our results differ from
those in your e-mail. We did the calculations using our 1 tooth brushing per day. Using two brushings
would decrease the water concentrations left for drinking water. We also provided the concentrations
at the 90th percentile drinking water intakes which are used by the Office of Water. Please let me
know if you have any questions?

[attachment "Concentration and population estimates_wfm.doc" deleted by Joyce
Donohue/DC/USEPA/US]

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue. Joyce

Subject: Fw: Dean (1942). and McClure
Date: Thursday, May 02, 2013 1:57:23 PM
Attachments: McClure 1949.pdf

McClure-1943.pdf
Dean 1942 In DB (Dennis).pdf

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:46 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Kelly Sherman/DC/USEPA/US@EPA
Cc: Elizabeth Doyle/DC/USEPA/US@EPA
Date: 10/28/2010 05:12 PM

Subject: Dean (1942). and McClure

(See attached file: Dean 1942 In DB (Dennis).pdf)(See attached file: McClure-
1943.pdf)(See attached file: McClure 1949.pdf)

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/



mailto:Donohue.Joyce@epamail.epa.gov

mailto:Donohue.Joyce@epa.gov

http://epa.gov/waterscience/

http://epa.gov/waterscience/



Public Health Reports

Vol. 64 e AUGUST 26, 1949 e [No. 34

Fluorine in Foods

Survey of Recent Data

By F. J. McCuurg, Ph. D.*

The analytical data relating to fluorine in foods have accumulated
during the past decade to an extent that makes it desirable to assemble
the data for purposes of comparison, as well as for an evaluation of the
amount of fluorine ingested in the average human diet. With few
exceptions, the more recent fluorine data are comparable as regards
the analytical procedure since the Willard and Winter technique (1),
or a slight modification (2, 3, 4, 5), has become the most generally
utilized fluorine method. While most analysts recognize the desira-
bility of improvements in the fluorine determination (in view of an
expected error of at least 10 percent, particularly in the analysis of
organic materials), it has been some time since any radical changes
bave been-made in the Willard and Winter procedure. Generally
this fluorine method now calls for ashing the sample in the presence of
an alkaline fixative at a low temperature, isolation of the fluorine by
steam distillation using perchloric acid, and estimation of the fluorine
in the distillate by microtitration with thorium nitrate or by compar-
ative colorimetry.

Published results for fluorine in foods from various sources are
compiled in table 1. In table 2, the data concerns the relation of the
fluorine content of soil and water to the fluorine present in plant prod-
uce. Similarly, data concerning the effect of fluorine ingestion on
fluorine in animal produce (meat, eggs, and milk) appear in table 1,
sections a, d, e. In several of the publications cited, information is
lacking as regards the ‘“dry’’ or ‘“fresh’’ condition of the material
analyzed, and wherever it seemed desirable to supply such information
the judgment of the author was based on the analytical figure. In
general, results for meats, fish, eggs, milk, and wine are based on the
materials as consumed. Other materials are reported on a fresh or
a dry-weight basis, or both.

*From the National Institute of Tental Research, National Institutes of Health.
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The results for animal tissues appear in table 1-a.
sodium fluoride ingestion on fluorine in kidney tissue is notable.

1062

The effect of
To

produce this result, however, there was a pronounced induced fluorine

toxicosis in the animal.

animal body is deposited in skeletal tissue.

The major portion of fluorine retained in the

As shown in table 1-b,

the fluorine in normal edible cuts of meat is of the order of 0.2-0.3 ppm.

or less fluorine.

Table 1. Fluorine in animal tissues, meats, fish, hen’s egg, cow's milk,

citrus fruits, noncitrus fruits, tea, cereals and cereal products,

vegetables

and tubers, miscellaneous substances and wine

a. ANIMAL TISSUES

Fluorine ppm

Cow'’s liver, dry wt. (6):
5.50,5.80,5.20

No F added toration ... ...
F added to grain ration:

022 percent_ __._ .o o------ 7.80,8.50,5.30
.044 percent. .. 7.30, 8. 30, 6. 20
088 percent ..o ooaoae-- 8.50,7.70
Chicken liver, fresh wt. (7):
NaF injected: .
63 TN e cccmmmmmmmm e m 0.7015
45 mg. .. 1,209
Q0 MEoccnccermnm e 1.291
45 mg._. traco
30 mg... 1.010
30 m 1.131
Liver, fr 1.43
Do 1.59

1.52
0. 40
0.19
0.99

Do
Quinea pig liver, fresh wt.
Calf liver, fresh wt. (12)
Beef liver (10) .- ...

ON

Fluorine ppm
6.9,89,10.1

........ 31.8,25.7,25.5
.. 34.7,33.5,38.2

Cow’s kidney, dry wt. (6):
No Fadded toration ...
T added to grain ration:
022 percent__ .-
.044 percent___._.

088 pereent_. ... ... eo-- 43.0,43.7
Guinea pig kidney, fresh wt. (12)._.. 0.06
Cow's pancreas, dry wt. (6):
No F added toration_ . __......-- 6.9,10.3,8.5
F added to grain ration:
022 percent. .o omomeamemnee 7.0,8.2,9.5
044 percent . _oooieaiooaen 8.3,9.0,9.2
088 percent ... ._ooooooo-o-ao-- 9.1,10.6
Cow’s heart muscle, dry wt. (6):
No Fadded toration________ ... 2.3,2.7,2.7
NaF added to grain ration:
022 percent...coo-eoeacmceanna-n 4.8,3.7.8.8
044 percent .o oooomeaemaann 7.56.4,9.7
LOR8 PEreent. coooooeno s 9.4,8.7
Guinea pig heart, fresh wt. (1) ... 0.2

b. MEATS

Fluorine ppm
Chicken (10) - o coommmemieeecma oo 1,40
Poultry, canned boned chicken {ain .
Beef (26) 2

Fluorine ppm
Pork chops (10) oo ooooeicaaaia e 0.98

Pork shoulder (10) .. cooocoeanraainn 1.20
Salt pork (13) .- -.----- I

Round steak (I0) 1,28 Sult pork (10) ..o . 333

Beef (18) ..o <0.20 Frankfurters (10) _. 1.67

Beef, fresh wt. (11). 0.29 Lamb (10) . .._..- 1.20

POrK (1) oo caomooeee e <0.20 Veal (10).... . 0.9

Pork, fresh wt. (1) coooecomaniaann 0,34 MUtton (18) e eeccammaicaeaeeaea <0.20
e. FISI

Fluorine ppmn

Fish, fillets (11) - o covocenmmemnae 1.49
Fish (10) - - e s 1.63
Mackerel:
boned (18) -cc-mcamaamieeam oo . <0.2
with bones (18 ).c.ccemaeccacncannas 3.9
fresh (14) - [ .. 26.89
dried (14)- -ceocomiimee - _. 84.47
canned (J1).ooooooeiaiaa s 12.10
Salmon:
canned (J8) ... oo 4.5
red, canned (15)__- 8.5
pink, canned (/%) - 9.0
fresh (14) .. .._-- 5.77
dried (14).... .- 19.34
eanned (1) occaeoooommaioanaa oo 4.16
Sardines:
canned (I8) oo 7.3

Sardines—Continued Fluorine ppm

canned (15}

in olive ofl (11)...-- [,
Shrimp:

canmed (18) o o ooaoeimieieeaaen

edible portion (1) - _ococooeiiaos
Codflsh:

salted (15)
Oysters:
fresi (16)
unspecified (10)
unspecified (16)
Crab meat, canned (16).--
Herring, smoked (15)
Tuna fish flakes, canned (/1) ..------

NoTE.~—Italic numbers in parentheses are references. See pages;1073-1074.
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Table 1. Fluorine in animal tissues, meats, fish, hen’s egg, cow’s milk,
citrus fruits, noncitrus fruits, tea, cereals and cereal products, vegetables
and tubers, miscellaneous substances and wine—Continued

d. HEN'S EGG
(All analyses based on fresh weight)

Eggs (10): Fluorine ppm | No. F added to ration (/6)): Fluorine ppm
%v White

Fggs, 1 dozen mixed (1) .. ...

t During 4- to 8-week period hens received intermiltent intravenous injeetions of 30-% mg, NaF.

e. COW'S MILK

No unusual fluoride in cow’s ration or drinking water

Fluorine ppm | Commercial milk (£8): Fluorine pp
Wholemilk (I7) ... ... _.......... 0.07,0.09 Washington, D. C...._.._...._.
DO 0.10,0.15 ‘Washington, D. C.
DO i e a e 0.15,0.17 Urbana, ... .. _.__.___
Do. cvmmceccaee= 0.07,0.22
Fresh milk (f9).._ ... -2 7. 0.38
Fresh milk, 1 qt, mixed (11) ........ 0.09
Fresh mnlk [ €11 T 0.55

Fluoride above normal in cow’s ration or drinking water

F in drinking water: Fluorine ppm | ¥ added to grain ration (17): Fluorine ppm
BPPM (I8) o e aaans 0.26,0.39,0. 19, 022pereent .. ... __......
0.17,0.23,0. 25. 044 percent.__ .
0. 18, 0. 40, 0. 49, 088 percent. ... ... ... ...
0.28,0.29,0. 40
0.2 to 500 ppm (I8 cneaeccce s 8.528, 0. 30, 0. 50,
0.2t0 495 ppm (&) oeeeeo it 0.00.0.30,0. 40,
0. 40, 0. 40, 0. 30,
0.40,0. 30
14ppm (I8 . ol 0.97,0.72,0.91
1. TEA
Ten (81): Fluorine ppm Fluorine ppin
Imported Indian. . ...._._._...__. 38.1 Tea (£0): e
rted Ceylon..._. .. 87,05 0 P 91.25
Indian Ceylon hlends.__. 28.5 __________ P 7.8
Clipper... ... ._._._.. 3.2
Hankow.. 4.1
: 9.2
Ajax . ______.. 119
29.4
3.1
18.4
256
18.4
18.3
Indona.. 19.3
Fargo. ... 18.4
Tea average of ten samples (1) .. 7.0
Tea, infusion—15 gm. of tea were
treated with 1 ,000 cc, boiling
water, stecped 10 minutes and
strained (f1)..._.._____.__._..__ 1.19
Liptons yellow label (18).____.___ 535
Orange Peko (18)_.._.._..__...___ 628
Tes, Infusion—0.122:mg. of fluorine
was extracted from one tes ball

of 2.55 g, tea (I18).._........... 628
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Fluorine in animal tissues, meats, fish, hen’s egg, cow’s milk,

citrus fruits, noncitrus fruits, tea, cereals and cereal products, vegetables

and tubers, miscellaneous substances and wine—Continued

g. CITRUS FRUITS

Fluorine ppm

Grapefruit: 0.26
edible portion (10) .. . __._____... 0. 36
fresh (£0) ... .. .. _..._._.. 12

Lemon, fresh (1€)._..__.____.._..__.
Orange, edible portion (10)......._.
Oranges (20):

frwit, fresh.__________..__ (... __ 0.17-0. 07
.- 0.15
0.16
0.18
0.11-0. 14

.'023, . 051, .174
.34 ]

California, peel, fre _.
Jamaica, peel, fresh. .10

Oranges—Continued

Palestine, fruit, fresh___.__.__.
Palestine, peel, fresh_. _.__.__.
Spanish, peel, fresh_... .. ...

Navel:

Spain, fresh____...__....._..
S. Australia, fruit, fresh ...

S. Austraha peel, fresh
Pomelo (20):
fruit, fresh___...__..
Florida, fresh__.. _

Florida, peel, fresh L

bh. NONCITRUS FRUITS

Fluorine ppm

Fresh wt  Dry w!
Apples (10) 0. 42
Apples (12) 0.21
Apples (£0) - 022 ...
Apples (12) .- 0.13
Apples (8) ool 10, Lo

1.15

Apples (8 ... ... . .30 .
Apbples, freshonly (19 ......... 0.34,0.77, ___....

0. 83,0.87
Apricots (20) .. .._.._.._._. P .22 .
Apricots (J2)____ 0.02 0.08
Apricots (1) __ - 0.06 0.24
Banana (20)__, R 0.23 ...
Banana (10)_. [ 0. 65
Cherry (20)____.._ 0.25 .._....
Chernies, black (10) 0.18 0.61
Currants 20)__.._. 0.12 0.69
Fig(20)__.._ 0.21 _______
Grapes (20).. 0.16 _
Qrape juice (12). ... ... 0,093 . -

Grapeseed (/#). oo .. ...
Gooscherries (80) ... ... ...
Gooseberries (12) .__.._...._.._
Guava (0. ... ___._..___..
Mango (20) __ ... . ... __
Pawpaw (20) . - oo .o.._
Pear (20
Prickly pear (20) . _._________.
Pears (10) v moaeoo oo
Peach (80) ... ... _________.._._
Plum (20) . ... ___
Plum (18) .. .
Pineapple (£0)
Pineapple tinned (26).._.._._..
Pomegranate (20)_.____.__.__._.
Quince (18) .. ... ... __
Quince (80) . _.__.___________.
Sweet melon (£0)
Strawberry (20)__
Watermelon (£0)

i. CEREALS AND CEREAL PRODUCTS

Fluorine ppm
Fresh wt Dr;
0.62

Corn:
unspecified (22)
unspecified (£3
canned (18)__
canned (/0)_.

flakes (10)_
Ralston (10)
Wheat:

whole (22) ... _.._...____.

unspecified (£1). -

unspecified (18)..

unspecified (£7).

bran (£7) .

bran (I8) ... _..__

germ A, commercial (I3)..
germ B, commercial (I8) ..

germ, pure (18)

wheat white (£¢) ._.....__ .35
se]r-nsmg Un_ ... .- .
whole wheat (25)..____...
white (87)_.__.._._____... .z .31
biscuit (£6) .
baking (27)

Bread:
white (11)
white (26)__
white (10) _ .

Bxsc]t;ns (£6)..

Fluorine ppm
0.04-0.15

0.11-0.15
0.07-0.13

... 0.10-0.16
- 0.04-0.25
0.13-0.25

Fluorine ppm
Fresh wé Dry wt
5

Fluorine ppm

Fresh wt Dry wt

QGinger biscuits (26)..._..... ______._. 2.0-2.0-2.0
Rice:

unspecified (£7)._.._....._ .67 76

whole (18)._ ... ._.__.___. <0 oLl

unspecified (81)_._....._.. ______.__ .70

middle (£2).....__...._.._ A9 L

unspecified (82)_.__._...... ___._ ... .50
Soy beans (€1)..__._ ... ... ..____.__ 4.00
Soy beans (If)....._.....___ 1.33
Soy flour (11):

Jowfat. ... ... ... .52

withfat____ .. ... . .. 1.45
Buckwheat:

unspecified (84) ... 2. 00

whole (81)-.._._.. 170

bran (£1).._.._. 1.80
Millet (21).... - .20
Millet (18) ... ... .91
Oats:

unspecified (34) ... ...... ... .. 3.0

crushed (I18)._.. .- < W

Mother’s (10). fe emmeen- .92

fresh (27) - oo ... .25 .29
Rye:

from Norway (18 _._._.._.... ...__.... 34,.64,1.30

unspecifled (12)__.__ .- .61
Blackeyed peas (11) .. R 023 .
Chick peas (I1)...._._....._ 4
Cottonseed:

meal (18)

meal (£3)._.

hulls (£3)

Spaghetti (10):
canned
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Table 1.  Fluorine in animal tissues, meats, fish, hen’s egg, cow's milk,
citrus fruits, noncitrus fruits, tea, cereals and cereal products, vegetables

and tubers, miscellaneous substances and wine—Continued

j. VEGETABLES AND TUBERS

Fluorine ppm
Fresh wt Dry wt

Aniseed (#0) .- ... 0.4 . .o..._..

I 8.3
........ 6.9
________ 0.48
Beans:
string (10). ... ... _..__... 0,64
string, canned (10).___ ... _. . ____._. 0.67
string (11) .. ... ._._. - 0.13 _._..._..
string, edible pods (£8). _.... R 3.2,4.8
green (18 _._....._._. e 0.15 1.01
light green (18)... - . 0.73
lima, dry (10) ... 4,51
lima, seeds (£8)._. - 2.
dry (28)__.._.___.. . 1.04
dried (I18)..__.._. - <0.20
navy, dry (10) ... .......__. . 1.70
Beets:
unspecified (20).._ ___...._.. 0.2 _ .._._..
fresh (10)._..._.._.. - 0.60
100t (£1)ecooeeoa. - 2.8
leaves, dry (21)._ ... 3.80
tops (88). .. ... _.___ - 3.4
leaves (1€).............. . 3.45
roots (£8) - .._......_... - 4.3
roots, sugar beet (£8)___ [P, 3.3
string (18). _..o...._...__ 0.32 6.09
Caulifiower:
fresh (10) ... ... ... 0.45
flower (18).__ ... . 0.12 0.86
leaves (1) ......_...__. . 0.08 0.8
unspecified (£0) 1.0 oo
Cabbage:
large (28) ... ... 9.34
foreign (#2) ... .. - - . 15.38
fresh (10)__ ... ... 0.70
unspecified (#2) ... .__..._....  0.13 ___._._..
edible head (£8). _.... 3.4
without leaves (1£)... 9.5
edible part (12)..___._ 1.6
unspecified (20)...__. P,
loose leaf (12).. .. ..... . 1.31
loose leaf, stalk (1€)._._...___ 8 0.86
Carrots:
unspecified (20).__.____._____ 0.4 _...._.
fresh (10)._ .- ._....... e e 1.30
T00t (£8) e ooo oo o emmmeen 8.4
unspecified (18).___ B <020 ...
unspecified (#1)_. .. ... ... IR 6.92
Celery:
unspecified (#€).____.._....__ .. ____. 1.47
unspecified (11)_...__. . 0.14 ..___._..
powder (1f)___....__. - 10 Lo
edible stalks (28)___ e emeaeas 8.5
unspecified (1£)__. 0.70 570
Cress (18)-.ccommeeoai i . 0.24 4. 38
Cucumber (20). ___._____.____ 0.20 ...
Colza shoot, red (£8)_. . 3.88
Colza (82) . .o C eleeaaen 2.15
Eggplant (#0) ..........._.._. 0.4 ...
Endive (20). oL, 0.2 ...
Qarlic:
green (#0).. .. ... ... _.._.... 17.72
unspecified (£8)__. R 7.17
unspecified (80)..._..._.._... 0.3 omeme.-
Ginger plant (£2)_.____ ... __ e 2.36
Kale (11) o eem el 0.16 .___..___

Kale (80) - ... __.___.__.___
Leeks (22)..
Leeks (#0) .. . _..____._
Lettuce:

loose, head (28)__._.__..____.

cabbage (18).._

prickly (12)..

fresh (10).____
Marjoram (1) .. _.._..._..._._.
Mustard:

greens (Jf)_ .. ... .. ____.

leaves, salted, dried (21)

 unspecified (£0) ..
unspecified (12)_....__.._.___.

Parsley: .
tops (#8) - ..
unspecified (£20)_. .
unspecified (12)..

Parsnip, roots (#8) _._._.____..

Peas:
unspecified (#6) ____________..
green (£1)
fresh (10).
Potatoes:
white (10y__._ ... _..___.
unspecified (13)
whole (17).....
peelings (12)...
Irish, tuber (£8)_
white, unpeeled (22
unspecified (£1)__...
unspecified (26).._..
I, from Norway (18) ..
II, from Norway (18).
sweet, unpeeled (11)..
sweet (18) . .._.._.__
sweet (10)._..
Pumpkin (€0). .. __...__._____.
Radish (20) ... ... _..._.._._.
Rhubarb (20) .. .._._..._.._._.
Rutabaga:
tops (28) ...
roots (#8)_ - . . .._._..._
Spinach:
fresh (10) ... ..........._...
unspecified Ew)__
unspecified (22)..
unspecified (17)__
unspecified (11)..
unspecified (£8)
winter (12)
Squash, fresh (10)
Shepherd’s purse (4).
Summer savory (I12)...........
Tomatoes: -
unspecified (1#).__.__________
fresh (10)

Turnips:
greens (22) ... __.._.._
tops (28)...
roots (28) __..__
unspecified (18) ..
unspecified (£0) ..
fresh (10y.__..___

Watercress (80) ... ..._....._...

Fluorine ppm
Fresh wt Dry wt

v
op ppO®




http:0.11-1).15
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Table 1. Fluorine in animal tissues, meats, fish, hen’s egg, cow’s milk,
atrus fruits, noncitrus fruits, tea, cereals and cereals products, vegetables
and tubers, miscellaneous substances and uine—Continued

k. MISCELLANEOUS SUBSTANCES

Fluorine ppm Fluorine ppm
Fresh wt Dry wi Fresh wt Dry wi

Peanut:
unspeclﬂed (10). ; Honey (26)

unspecifled (13) .

1.36 | Gelatin (#6) - - ... ._.

--------- Glucose (26)......__.
tops @9 ££7 | Reale ().
erne e m e cmecammcaas  mcmmaa-e
Almonds (18) .. 1111l 50 0. 90 Powdered ginger (26)
Mazelnut (12) ... ... 0.30 0.30 Bakmg powder (13):
Chestnut (/18) ... ... ... L45| emeeemmommimieiiniian
shell (1g)_.________IITITTD LT 0.24 g-- --
Coconut, fresh (£f) . ... ...... 0.00 ......... ----
Cocoa (86) ... ... 0.5,0.50, .euo.. Coffee (81):
3 Mocha, Arabian._.
as purchased (1f).... 0. Del Monte, Brazilia:
Plain chocolate (£6)... - o E.B.C,, Brazilian
Milk chocolate (26)............ 1. best raw Java...... .
2.0 Butter (10) . ool
Molasses (1) .o oo 0.00 _.o...o-o Cheese (10) .. ..o _.......
Sugar (10) oo 0.32 ...__.__. Pork and beans, canned (10)...
l. WINE
Chinese, Shao-shing (21): Fluorine ppm | Franzosiseher (1£):
bestgrade. ...oooooomiaoalo0 0,07 Weisswein, Cote d’or..........._. 0.22
second grade...._..._...._.____.__ 0.05 Rotwein, Bargunder__....._.___.
Chinese Lao, pai chiu (&) o veeenns 0.09 Rotwein, Cote du Rhone......._.
Port (81) o e 0.24 Do ___________________________
Beer (11) oo 020 ) DO i
Neuenberger (1£) .. ceooa .. 0, 0,0,0,0,0.06, Itnhemschm Rotwein (12)
0.08, 0.10, 0.10, | Spanisber, Welsswem Xers (12)
: 0.17, 0.18, 0.20, | Algerischer, Wexsswem [¢2) 7
0.24, 0.26, 0.34, | Wine (35):
. 4.68, 6.34. vurmusly dated ................... 8
Walliser (12) - .coeenocmaenas S 0, .03, .04, .07, | 1938-19al..__.. ... l.llll.
0.11, 0.12, 0.20,
0.21, 0.23, 0.23,
0.25, 0.25, 0.41, white Sta. Barhara, 1942 .......__
0.47, 0.54, 0.54. red, Sta. Barbara, 1042 ____._____.

Seafoods (table 1-c) are particularly interesting because they gen-
erally contain more fluorine than any other food, except tea, which
obviously is not in a class with seafoods as an edible substance. Sea
water may contain upwards of 1.2-1.4 ppm fluorine (9) and is the
source of fluorine in seafood. The amount of bone remaining, partic-
ularly in canned fish, no doubt determines to a major extent the quan-
tity of fluorine contamed in the product.

The amount of fluorine in the hen'’s egg (table 1-d) is approxunately
0.2-0.4 ppm. The fluorine results recorded in the table were obtained
during an experiment (I6) in which rock phosphate was a source of
fluorine in the hen’s ration for a period of 28 months. There wasa
definite increase of fluorine in the egg yolk, the fluorine being present
almost exclusively in the acetone-insoluble portion of the fat-like
substance of the egg yolk.

The fluorine content of cow’s milk has never proved to be affected
by fluoride in the cow’s ration or drinking water (table 1-e). Normally
cow's milk contains 0.10-0.20 ppm fluorine.

Fluorine in tea has been studied extensively (table 1-f). The data
agree that tea is an unusual plant substance in its fluorine content.
It has been reported that 75 percent or more of the fluorine in tes is
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extracted by boiling water (18, 21). It has been estimated also (18)
that about 0.1 mg. of fluorine may be present in the hot water extract
from one tea ball (2.5 gm. of tea contains 62.8 ppm fluorine in the dry
tea).

The data for fluorine in citrus fruit (table 1-g), with three exceptions,
were obtained by Hamersma (20). These results, based on the fresh
or edible material, indicate the presence of about 0.10 ppm or less
fluorine.

A pumber of noncitrus fruits (table 1-h) are also reported by
Hamersma (20), the origin of most of his material being the Union
of South Africa. In the United States, fluorine in apples has attracted
much interest because of a presumed health hazard arising from a
fluoride spray remaining on the apples (24).

The common cereals and cereal products have been analyzed
extensively for fluorine (table 1-i) as would be expected for such im-
portant articles of the diet. The fluorine figures are quite variable,
but for corn and wheat particularly and their edible produce, the values
generally are extremely low, i. e., of the order of 0.10 or 0.20 ppm or
less fluorine in the fresh material.

The seemingly high fluorine results for several vegetables and tubers
(table 1-j) may be questioned in some instances, because of the pos-
sibility of soil contamination. The majority of results on the fresh
weight basis, however, are in fairly good agreement, i. e., 0.10 to 0.30
ppm 1s about the average amount to expect.

A variety of results on a number of miscellaneous substances are
shown in table 1-k. The majority of these materials, however, do not
constitute a very important part of the average diet.

Fluorine in wine (table 1-1) has been studied recently by von Fellen-
berg (12), whose laboratory is in Switzerland, and by de Almedia (35).
The results reported by de Almedia appear to be unusually high.
Sodium fluoride formerly had some use in cleaning wine tanks and
casks, but there is no hazard from this type of fluoride usage at this
time. Although consumption of wine, particularly among Europeans
and South Americans, may be unusually high, there is at present no
knowledge that wine causes an unusual dietary fluorine intake.

Effect of Soil and Water Fluorine on Plant Fluori(ie

The data in table 2 answer the question of the relation of fluorine
in plants to the fluorine in the water and soil in which the plants grow.
With few exceptions, and these seem to apply mostly to roots and
tubers, fluorine in plant produce is not readily affected by fluorine
~ in the soil arid local water. According to Bartholomew (33), nutrient
solutions containing fluorine up to 10 ppm may cause large increases
of fluorine in cowpea roots, but the tops are increased in fluorine only

when the quantity of fluorine in the roots is very large. Fluorine in
844962—49——2
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Table 2. Fluoride content of plants grown in soil or water containing added
Sfluoride (all figures are ppm of fluorine)

Calcium
No fluoride  fluoride
Reference 19 (dry weight): added to soil added to soil
(07 o « VU trace trace
Hogari . __ . ____ 0. 00 2.1
Soybeans_ _ _ _ ___ L ________ .83 1.2
Wheat _ .. oo . 69 1.0
Wheat, stalks and leaves_ _ ________________________ 3.70 7.2
Alfalfa:
Ist eutting______ __ . ______. 7.0 15.0
2d cutting. . _ .. _______ 4.5 10. 8
3d eutting_ __ . __ 50 ________.
4th cutting . _ . _ o all._-- 6.0 11.3
No
Sluoride
added g g; ide added to soil
to soil ium fluoride a to soi
Reference 19 (fresh weight): 800 ppm 1600 ppm 3200 ppm
Beets_ . ___ _______ o ______._ 1.7 6.5 ______ 17.7
Carrots._ ... . ielaa-_ 1.0 3.0 0.4 1.3
String beans. ________ ________.._._._._ R R 0 oL
Yams._ . ______ .0 7.6 ______ 8. 2
Tomatoes_ . __________________.__._____ 7 .5 2.3 1.2
No
Sluoride
added  Phosphate fluoride fertilizer
Reference 29 (air dry basis): to soil added to soil
Wheat grain_ _ ____ ... ________________ 0. 82 0.94 0. 99 0. 32
Do . .30 .48 . 46 .26
Oatgrain___________________________. 1. 25 1.75 .70 1. 66
Alfalfa hay_ _ ___ . _____ . ______..
Mixed hay ____ . . . L ..
Clover and timothy hay_______________ No consistent or greatly increased
Qatstraw._ _ . .. fluorine content.
Wheat straw____ ... ________
Cowpea hay .. ___ e
Mineral fluorides added to soil
Reference 34:!
Lawn grass. - . . oo oeo-_ No appreciable effect on fluorine con-
tent.
No fluoride added to soil
Reference 21:? Fresh wt Dry wt
Wheat . _ oL 0.20 _._._____._
Rice. . . o .. 090 ___________
Barley. - ____ . ... mmmm 002 .__________
Soybeans_ .. _____ . ______ 0.67 ___________
Cowpeas_ _ _ _ . _____. 043 ___________
Green beans_ _ ____ ... 017 __________.
Green PePPErS. - _ . __ 0.14 ____.______
Mustard leaves____ .. __ . _____ . . __.___ 26. 55
Turnip leaves, salted_ .. ______________________.. .. _____ 4. 04
Tea, fresh 3 _ _ __ .. 1.75-7.8 . __.__._
Tea, roasted . ____ e 15.0-71.0 _______.___

! Fluorine a normal constituent of vegetation in study area (western Pennsylvania).
2 Study area ‘'near fiuorine area’’ in China.
2 Picked in later surnmer jnstead of ususl springtime, suggesting increase of fluorine with age of leaves.
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Table 2.  Fluoride content of plants grown in soil or water containing added
fluoride (all figures are ppm of fluorine)

Reference 11 (dry weight):+¢

No fluoride added to soil

Wheat oo 0.76-1. 15
Wheat flour. - o __ 0. 50
Reference 20 (fresh weight): Fluorine in water for plants*
Cabbage_ . ... _..__ e 6. 4
Salad _ . ee_ 12.1,28. 3
Salad seed - _ . . o _o_..._ 21. 3
Mealies_ __ . el <1.0,0.7,0. 1
Beetroot___ .. __ . ... 6.4,3. 1
Beetroot leaves_ __ . __ .. ___i.._._. 9.1,0.6
Carrots_ __ . .___ . . 9.1,5 4
Carrot leaves_ _ _ . _ . _ .l ._..__ 6. 9, 56. 6
Tomatoes_ _ . 2.8,6.4,1. 8
Leeks _ _ . o 54. 7
Orange leaves. . ___ .l _____ 25. 7
Radish_ . el 12.0
Radish leaves. _ __ _ _ .. ._____ 132. 0
GUAVAS el 2.1
Beans._ e 2.8
Pumpkin_ ... _ ... 3.4
Pumpkin peel . __ _ ... <0.1
Fluorine (ppm) in local water supply

Reference 10: 8 0.9-0.8 16, 2.0, 3.0 8.1-6.9 6.1-18.9

Squash, white___.__.__ 0.42,.36 0.07 0.11,0.26 0. 36, 0. 36
Squash, green_ __._____ 0. 32 0.08 0.13,0.24  ____.__._. )
Tomatoes, green_._____  ________  ____.__.__.  __ S 0. 41
Tomatoes, red_ .. _____ 0.62  ______._. 0.31,0.29, 0. 47
. 0,16
Onions, green_ .. ._____  _______._  _____.__ 0.72 0.25
Onions, white_ . _______  ________ 0.52,0.51  ________ 0.12
Beets . _ ________.__.._. ______.._ 0. 65 0.53 0.32,0. 73
Carrots _ . _______._____  __.___.. 0.63,0.43 0.72,1.34 0.74
Beans, string__________ 0.16 0.30 0.43 ...
Lettuce_ _ _ ___ . _____.. ... _._ 0.27 ... ...
Potatoes_ _ _ _ . _ _.___.. . ___.___ el ___._ 0. 81
Cucumbers_______.____  _._____.  __..____. .15 .
Okra________________. 0.20 _.______ 0.42  _________
Chard________________  ___.____ ... 0.8  _______..
Turniptops._.____.___  ______.._  ____.._. 0.69  __.______
Fluorine in
nutrient solutions Fiuorine ppm

Cowpeas (Reference 33): ppm In roots In tops
0.25 13.7,58.0 0.0
0. 50 80,13.7 0.0
1.00 39.1,60.0 0.0
NaF in nutrient solution________________ 3. 00 237.5 0.0
3. 00 550. 0 8.0
10. 00 826. 0 26. 2
10. 00 1, 086. 0 40.0
[ 0. 25-0. 50 0.0 0.0
CaF; in nutrient solution_ __ ____________ 7.72 84. 3 0.0
] 7.72 78. 3 11. 0
0. 25-0. 50 0.0,13.7 0.0
NasSiFs in nutrient solution_____________ lé 88 371,4’9;(2) (7) 412: 8
10. 00 1, 116. 0 475.0

4 Wheat produced in Deaf Smith County, Tex,
¥ Water for plants contained 4.0-12.7 ppm fluorine.

¢ Resulis are presumably on {resh-weight basis,

Study area in South Africa.







August 26, 1949 1070

wheat changed little when calcium fluoride was added to soil plots
(19). 1In studies of control vs. fluoride plots (19), fluorine in beets
and yams increased notably when an excess of sodium fluoride was
applied to the soil. Fertilization of soil with phosphates and slags
containing fluorine may increase fluorine in drainage waters (29), but
plant fluoride was not increased (29, 30). As much as 2,300 ppm
fluorine was added to the soil in one experiment (30), whereas an
average figure for fluorine in surface soils is about 292 ppm (28).
Results of analyses of grains and forage crops from fluoride areas
frequently show unusually high fluorine concentrations, but this
may be caused by contamination with soil dust. The evidence
regarding soil fluoride and its effect on fluorine in plants shows gen-
erally a negative effect.

Although all evidence points to the contrary, the fluorine in local
water supplies has been suggested frequently as influéncing fluorine
in plant life. Machle, Secott, and Treon (10) found no correlation
between fluorine in certain food plants and fluorine in the local water
supplies of Arizona. Wheat produced in Deaf Smith County, Tex., a
fluoride water area, did not show an unusual fluorine content (I171).
Hamersma (20) has presented results regarding the effects of water
containing 4.0-12.7 ppm fluorine on vegetables produced in small
private gardens. A number of his results are unusually high for fresh
materials and a residue of fluoride on the plant materials is suggested
by his notation that the garden was watered by'hose. As in the case
of soil fluoride, there is no indication that fluorine in the local water
supplies affects food fluoride. Sources of fluoride-bearing potable
waters are, with few exceptions, deep wells, and these waters are not
used for irrigation purposes. It is not to be expected, therefore, that
normal use of water in fluoride water areas would add fluoride to the
local plant produce.

Fluorine may be increased in foods cooked in fluoride waters, as the
following results presented by Smith, Smith, and Vavich (19) indicate:

Cooked in water
Cooked in containing

Distilled 5 ;
Food water ﬂugg'l:le _ﬂ?ifrfn";
. ppm ppm ppm
Pinto beans____.______________________ __ 2.0 ... 37.1
Beets .. 0 1.0 ..
Potatoes_ . __ ... 5 Lo . 9.7
Cabbage. ... ... 0 3.6 ...
Carrobs. - .o oL 2.3 3.2 . _____.
Cauliflower. ______ ____________________.__ 0 42 ...
Oatmeal.____.______ . ... .9 22.8
Spinach___ . ___ .. 2.0 4.0 . __.
Italian'squash.__ . ... __. ______ .. __ 2 38 .
Brussel sprouts. ..o .. __._________._. 2 29 ...
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Assimilation of Natural Fluorine

The body’s assimilation of “natural’”’ fluorine in foods has been
subjected to limited investigation. In addition to being largely ex-
tracted from a 2-percent infusion of tea leaves, the fluorine in tea,
according to Reid (21), is capable of producing the characteristic
striations in the incisor teeth of rats. Fluorine from various sources
was administered at levels of 9-12 ppm to rats by Lawrenz and Mit-
chell (31) who found that green-tea fluoride was only about 5 percent
less well assimilated than was sodium fluoride or calcium fluoride. An
average of 31.7 percent of the fluorine in green tea was retained as
compared with 33.7 percent retention from sodium fluoride.

Results on the rats’ metabolism of the fluorine contained in canned
fish are reported as follows by Lee and Nilson (14):

F Total F Percent
Source of fluorine in rat’s diet in diet ingestion stored
_ ppm mg.
Salmon (fresh) ... .. . _____ 5. 77 13. 87 19. 75
Salmon (dried)..._ . _____ ... ___ 19. 34 12. 10 20. 25
Mackerel (fresh) . _____ . _______ 26. 89 50. 75 21. 47
Mackerel (dried) - - __ .. __________.____. 84, 47 49. 20 24, 24

This percentage of fish fluoride body storage by the rat is'somewhat
low when compared with the usual retention of inorganic fluorides by
the growing rat (31, 32), but the quantities ingested in this study (14)
are also relatively high.

In general it appears that natural fluorine in fish, tea, and other
foods is largely available for assimilation. This coneclusion is indicated
also indirectly by urinary excretion data mentioned later on in this
discussion.

Discussion

In a previous article (36) the total food-borne fluorine in the diets,
exclusive of drinking water, of children 1-12 years old was estimated
to be 0.25 mg.-0.55 mg. daily. Uncertainties surrounding food-
fluorine analytical data at that time (1943) suggested that estimates
of dietary intake should be based on 0.1, 0.2, 0.5, and 1.0 ppm fluorine
in the dry weight of average foods. The analytical fluorine data
accumulated since then do not substantially change these quantities—
0.25-0.55 mg. fluorine daily in food—although the lower values, 0.25—
0.30 mg. fluorine in the daily food, exclusive of drinking water, are
probably more representative and in accord with the analytical data
for fluorine in foods. Other fluorine analyses of entire diets exclusive
of drinking water have indicated 0.25-0.32 mg. fluorine in the average
daily food alone (37). Another study indicates 0.45 mg. fluorine in
the average diet (38) where the drinking water is practically fluoride
free.
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It may be pointed out that 0.25-0.30 mg. of dietary fluorine may
be applicable to average daily diets throughout the United States
and perhaps other parts of the world. Thus Machle et al. (10) and
McClure and Kinser (39), studying the urinary excretion of fluorine,
found the urinary fluorine analysis to be a valuable criteria of the
daily water-borne fluorine intake. In widely scattered areas in the
United States, where the drinking water contained only traces of
fluorine, the urinary fluorine may be attributed largely to food-
ingested fluorine and is quite uniform, i. e., 0.2-0.3 ppm (39). This
observation was regarded as indicative of a uniform content of fluorine
in average daily diets, regardless of the locality. Similar urinary
fluorine data were obtained recently with respect to Oslo, Norway,
where the drinking water contains about 0.1 ppm fluorine (18).

Disregarding certain extreme industrial exposures, it is generally
true that drinking waters containing upwards of 1.00 or more ppm
fluorine are the source of the major quantities of dietary fluorine. As
regards water containing 1.00 ppm fluorine, it is estimated that 1.0
1.5 mg. fluorine (based on an estimated 1,000-1,500 cc. water con-
sumed daily) are ingested daily by an average adult via drinking
water and water added to cooked foods (36). In the case of children
1-12 years old, drinking water containing 1.00 ppm fluorine will con-
tribute an estimated 0.4-1.1 mg. fluorine daily above the fluorine in
food (36). This added quantity of fluorine ingested during the crown
calcification period of tooth life—through ages 8 to 10, or through ages
12 to 16 if the third molar teeth are to be considered—is the estimated
amount of water-borne fluorine now associated with the partial
alleviation of dental caries (40). The advantages to dental health
surrounding the use of drinking water containing 1.00 ppm fluorine
has justified investigation of the dental health value of a direct addi-
tion of sodium fluoride to community water supplies (41) and has
suggested also the direct addition of a fluoride supplement to chil-
dren’s diets during formative tooth life (36).

The importance of fluorine in preventive dentistry has been widely
discussed and thus far remains irrefutable (40). Many problems,
however, have yet to be resolved regarding the most efficacious
utilization of fluorides in dental caries prevention. Where fluorides
are not present in drinking water and cannot be provided via-a com-
munity water supply, serious consideration seemingly may be given
to the advantages of a direct dietary fluoride supplement. For pur-
poses of dental health it appears that during formative tooth life the
average child’s diet should contain an additional dental optimum sup-
plement of a fluoride equal to about 1.00 mg. of fluorine daily. The
accumulated data on- the fluorine content of foods indicate that the

average child’s diet does not provide a dental optimum quantity of
fluorine.
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Summary

A survey of recent analytical data for fluorine in foods has been
compiled. The majority of foods found in the average diet contain
from 0.2-0.3 ppm or less fluorine in the food as consumed. Tea and
seafoods are notable exceptions, the former containing upwards of
75 to 100 ppm fluorine in the dry tea, whereas seafoods may contain
5-15 ppm fluorine. Cow’s milk contains about 0.1-0.2 ppm fluorine.
Fluoride added to the cow’s ration or drinking water has no influence
on the milk-fluoride. Fluorine in soil and water has little or no
influence on the fluorine content of edible plant produce. Although
the data are limited, it appears that natural food-borne fluorine is
largely available for body assimilation.

Exclusive of drinking water, the average diet appears to provide
0.2-0.3 mg. of fluorine daily. However, it has been observed that
an additional intake of fluorine during formative tooth life, via
drinking water containing 1.00 ppm or slightly more fluorine, is a
distinct dental health advantage.

It is justifiable, therefore, to consider the possibility of a direct
dietary fluoride supplement where the drinking water does not
provide a dental optimum quantity of fluorine.
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INGESTION OF FLUORIDE AND DENTAL CARIES. CQuantitative Relations Based

on Food and Water Requirements of Children 1 to 12 Years Oid

with few exceptions the biochemistry of
fluorine emphasizes its -toxic features.
The production of endemic dental fluoro-
gis (mottled enamel) in human beings
by fluorine in drinking water (1) is an
outstanding example of the toxic effect
of an excessive intake of the element.
The recent discovery of the inhibitory
effect of trace quantities of fluorine in
drinking water on dental caries in chil-
dren aged 12 to 14 years (2) and in
young adults (8) marks the first indica-
tion that fluorine may have a beneficial
role in animal physiology. This inhibi-
tory effect of fluorine on dental caries
is shown by data in table 1 and in fig-
ure 1, taken from a recent report by
Dean, Arneld and Elvove (2b). The
figures in table 2 are from a report by
Deatherage (3) based on results of
dental examinations of selectees of the
current Selective Service law. The
effect of fluorine present in drinking
water is most striking, the total incidence
of dental caries being reduced a third to
.one half by this water-borne element.

Prior to the discovery of the fluorine-
dental caries association, any suspicion
as to the physiologic importance of
fluorine gained support principally from
the observation that fluorine was present
in trace quantities in many plant and
animal tissues. Even this widespread
occurrence of fluorine seemed accidental.
In general, interest centered in the rela-
tion of fluorine to calcified tissues, i.e.
the bones and teeth. Gautier and Claus-
mann (4) and Gautier (6) have specu-
lated on the association of fluorine with
the hardness and the resistance (dinal-
térabilité chimique) of body tissues
which they found to contain the most
notable quantities of fluorine. The im-
proved performance of dental tissue (re-
sistance to caries) due to the ingestion
of fluorine may possibly agree with
Gautier’s hypothesis. Although the data
are somewhat limited, the results of
Armstrong and Brekhus (6) suggest that
carious teeth may actually contain less
fluorine than noncarious teeth.

While the observed fluorine—dental
caries relation is suggestive of the effect
of a trace element, it cannot be said that
fluorine is an essential element of the
diet in the accepted sense of the term.
It has not been shown that the complete
withdrawal of fluorine from otherwise
adequate diets produces fatal or dis-
abling symptoms. Dental caries cannot
be classified as a fluorine deficiency dis-

F. J. McCLure

ease until it has been demonstrated that
inadequate amounts of fluorine in the
diet invariably produce the disease.
Thus far such observations have not
been made. Attempts have been made
to test the necessity of fluorine in the
diet (7), the white rat being used as the
experimental subject. While dietary
fluorine was reduced to an extremely low
level in these studies, particularly in the
experiment by Sharpless and McCollum
(7a), traces of fluorine still remained in
these diets. The results of these experi-
ments gave no evidence that the rat
requires fluorine. In contrast to the
human subject, however, the rat has not
proved to be notably susceptible to
spontaneous dental caries.

The hygienic value of fluorine as a
preventive of caries suggests the inclu-
sion of fluorine in the diet in certain
optimum amounts. The dental tissues
are extremely sesitive to fluorine during
the formative period, i.e., during the first
seven or eight vears of life (with ex-
clusion of the third molar teeth, which
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in drinking water because according to
both the epidemiologic evidence (2a)
and the standards for drinking water of
the Public Health Service (8) this is a
permissible level. While final judgment
regarding the possibility of other physio-
logic effects resulting from this quantity
of fluorine (1 part per million) in drink-
ing water is not justified, the evidence
available at this time does not suggest
that harm will result when this much
fluorine is present in children’s diets from
perhaps the age of 1 year through the
seventh or eighth year or even to an
older age.

the daily diet. In consideration of the
numerous ~ factors influencing water-
drinking habits, two estimates of the
amount of water drunk have been made:
(a) Drinking water was estimated to
equal 25 percent of the daily require-
ment and (b) to equal 33 percent of this
requirement. These approximations ap-
ply to children’s drinking habits extend-
ing over an entire year in a temperate
climate. No doubt considerable fluctua-
tion would oaccur throughout the year
and average quantities drunk would vary
somewhat with the climate.

The figures for water consumption in

TasLe 1.—Relation of fluorine concentration of public water supplies and dental caries
(data from Dean, Arnold and Elvove (2b))

Numpber of Children Age,
Examined Years

1214
1214
12-14
12-14

Total Incidence of Dental
Qaries (Mlssing Teeth,
Untreated Teeth and
Filled Teeth per

Fluorine in
Public Water

Supply,
Parts per Million

100 Children)
745 <0.6
425 0.5 to v.9
300 1.0to 1.4
250 >1.4

TasLe 2.—Dental caries experience of draft selectees Living in endemic fluorine areas
compared with selectees living in nonendemic areas (data from Deatherage (3))

Total Incidence of Carles
(Teeth with Untreated
Oarles, Filled Teeth,
Extraction Indlcated

Age, Number  and Missing Teeth per
Years Examined 100 Selectees Examined) Area*
Eantire life spent in respective 21-24 130 510 Fodemic
areas . 21-24 112 1,011 Nonendemic
25-28 34 609 Endemic
25-28 52 1,029 Nonendemie
All ages 164 530 Endemic
All ages 164 1,018 Nonendemic
First eight years, but net en- 21-28 ™ 581 Endemie
tire life speat in respective 21-28 82 1,077 Nonendemic

Breas

* Endemic areas are those where fluorine in the drinking water causes mottled enamel. Fiyorine,
u_ltbough causing the teeth to be mottled if present in quantities above 1 part per million in drinking
water, also inhibits dental caries in these larger amounts.

Drinking of water is a variable factor,
especially among children, whose drink-
ing habits are greatly influenced by
muscular activity as well as by atmos-
pheric temperature and humidity. It is
likewise true of children’s diets especially
that the requirement of water is met
largely by preformed water in the food
or by liquid food, particularly milk.
The water deficit made up by drinking
water may be a relatively small fraction
of the total daily amout or water in-
gested. For the estimates of ingestion
of water as drinking water per se, as
shown in table 3, the method of
estimating the daily water requirement
of the average child and adult proposed
by Adoiph (9) was adopted. Adolph es-
timated the daily water requirement as
equal to 1 cc. per calory of emergy in
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table 3 may be compared with other
estimates and actual measurements of
water drinking. Macy (10) found that
the total amount of water consumed
daily by children 8 to 12 years of age
ranged from 1,658 to 1,745 cc.; 449 to
568 cc. of these amounts, i.e. about 25 to
30 percent, was ingested as drinking
water. Richter and Brailey (11) re-
garded 2,400 cc. as a good average for
water intake daily by an average man
weighing 65 kg. Another estimate of the
average water requirement of children
aged 1 to 18 years is 1,100 to 2,700 cc.
daily (12). Magee (13) studied the fluid
intake of persons aged 8 to 80 years.
Total water consumed, i.e. raw water,
including water used in cooking, averaged
1,324 cc. for males and 1,551 cc. for
females daily. Additional water in milk

and other foods accounted for 3 dailj‘;i
water intake of 2,081 cc. for maleg and-ﬁj
2,195 cc. for females. Rowntree (144
estimated the average diet (food) to 3
contain 1,000 cc. of water daily, made up E
of water naturally in food, water from J
oxidation of food and water added:
during cooking. The remainder of the-
total daily water requirement would by °
supplied by water drunk per se, and by °
other beverages. These later quantitjeg "
totaled about 1200 to 1600 ce. dajly -
In a previous publication I estimgteq

the average daily consumption of drink. -
ing water by the average adult to equa]

1,200 to 1,500 cc. (16). For an excellent

discussion of water metabolism the -
article by Adolph (9) should be cop-

sulted.

Water added to food during cooking
processes is probably more unpredictable
than any of the various factors involved
in estimating water ingestion. In order
to account for the addition of a quantity
of fluorine to food during cooking, the
calculations in table 3 include estimateg
of (a) 10 percent and (b) 20 percent of
the total food-borne water as consisting
of water of drinking water origin.

The amount of fluorine ingested in
food seems also to be surrounded with
considerable uncertainty. Analytic meth-
ods for determination of fluorine have
not progressed to the point where trace
quantities, such as occur in most foods,
can be determined with entire satisfac-
tion. A list of foods and food constitu-
ents and their fluorine content as re-
ported in the literature, is shown in
table 4. Most foods appear to contain
somewhat less than 1 part of fluorine
per million parts of dry substance. Al-
though fish foods and teas may contain
on the average as much as 8 to 12 and 30
to 60 parts per million of fluorine respec-
tively, these foods do not usually occur
in appreciable quantities in children’s
diets. Because of obvious uncertainties
surrounding the quantity and quality of
various foods in children's diets, four
levels of fluorine in foods have been
selected as falling within the range apt
to be present in the mixed dry substance
of the average diet.

The calory allotments shown in table
3 are taken from recent standards set by
the Committee on Food and Nutrition
of the National Research Council (16).
The total dry substance of the diet has
been estimated on the assumption that 1
gm. of dry substance comprising the
average mixed diet will have an average
energy value of 45 calories. The total
dry substance was estimated, therefore,
by dividing the calory allotment by this
figure. The fluorine content of the diet
was based on this estimate of dry
substance.

In observations on young rats
Lawrenz, Mitchell and Ruth (17) and
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TasLe 3.—Estimated daily wntake of fluorine from drinking water containing 1 part
per million of fluorine and from food containing 0.1 to 1 part per million of fluorine

in the dry substance

Age (years) ............. Nesaresseeensornaes 1to3 4to6 Tto9 10 to 12
Energy allowance (calories)............... 1,200 1,600 2,000 2,500
Water requirement (C€.)...c.civeiciiitiiiiiiititiisiiiiiienna. 1,200 1,600 2,000 2,500
prinking water consumption
(1) When water drunk {8 equal to 25 per cent of the total
daily water requirement and (a) 10 per cent and (d)
20 per cent of the total water content of the food
is ot drinking water origin, the total dally conump-
tlon ot drlnklnz water would equal:
390 ce. 520 cc. 850 ec. 812 cc.
(b) 480 cc. 840 ce. 800 cc 1,000 ce.
(2) When water drunk is equal to 33 per cent of the total
dally water requirement snd (¢) 10 per cent and (d)
20 per cent of the total water content of the food
is of drinking water origin, the total daily consump-
tion of drinking water would equal:
(e) . 480 ce 840 ce. 800 ce. 1,000 ce.
(4) . 560 cc. 7486 ce. 933 ce 1,168 ce.
Total daily fluorine ingested from drinking water containing
1 part per milllon of fluorine under the preceding condi-
tions of water ingestion would equal;
In water intake (a)............ 0.390 mg. 0.520 mg. 0.850 mg. 0.810 my.
In water Intake (b) and (c). 0480 mg. 0.640mg. 0.800mg. 1.000 mg.
In water Intake (d) 0.560 mg. 0.745 mg. 0,930 mg. 1.1656 mg.
Total dry substance in dafly food allowance when 1 Gm. of
dry substance of the food furnished 4.5 calories ot
energy
Total daily intake of dry substance.................. . °65Gm. 356 Gm. 445 Gm. 656 Gm.
PFluorine Ingested dafly In food in which the dry substance
of the food contained the following concentrations of
fluorine:
(a) 0.10 part per million 0.036 mg.  0.045 mg 0.056 mg.
(b) 0.20 part per million... 0.071 mg.  0.089 mg. 0.111 mg.
(¢) 0.50 part per million... 0.178 mg 0.223 mg. 0.278 mg.
(d) 1.00 part per million 0.360 mg. 0.450 mg. 0.560 mg.
Estimated total daily fluorine Ingested in food and drink-
ing water: ’
Food (a) plus water (a) 0417 mg. 0566 mg. 0.650 mg.  0.866 mg.
Food (b) plus water (a).. 0443 mg. 0601 mg. 0739 mg.  0.921 mg.
Food (¢) plus water (a).. 0.523 mg 0.688 mg 0.872 mg. 1.088 mg.
Food (d) pius water (a).... 0.653 mg. 0.880mg. 1.100mg. 1.870 mg.
Food (a) plus water (b) or (c) 0.507 mg. 0.676 mg 0845 mg.  1.056 mg.
Food (b) plus water (b) or (e) 0.533mg. 0.711 mg 0.889 mg. 1111 mg.:
Food (¢) plus watcr (b) or (¢) 0613 mg. 0818 mg. 1.023mg. 1.278 mg.
Food (d) plus water (b) or (¢)... 0.746 mg. 1.000 mg. 1250 mg. 1.560 mg.
Food (a) plus water (d)... 0587 mg. 078l mg. 0.875mg 1.221 mg.
Food (d) plus water (d)..:. 0.613 mg.  0.818 mg. 1.019 mg. 1.276 mg.
Food (¢) plus water (d). 0683 mg. 0028mg. 1183 mg. 1,443 mg.
Food (d) plus water (d)... 0825 mg. 1.105mg.  1.380mg. 1.725mg.
TasLe 4. —Fluorine content of foods as reported in the literature *
Fluorine, Fluorine,
Parts per Parta per
Food Million Food Milllon
Fluorine Reported In Food as Consumed
Milk........ Porkchop............. . 1.00
Egg white.. Frankturters. . 1.7
Egg yolk... Round steak.. . 1.30
Ovyaters........... . 1.50
Herring (smoked) . 3.50
Oanned shrimp... . 440
Qanned sardines.. 7.30-12.50
Oanned salmon... 8.50- 9.00
Fresh fish......... 1.60- 7.00
QCanned mackerel . 28.80t
Fluorine Reported in Dry Substance of Food
HoNeY..ovuuvrunannnnns 1.00
Corn. OCocoa.... owzoo
Corn (canned).. Mllk chocolnu ..0.50-2.00
(o3 . Chocolate (plain)... vee 0.50
Cruahed . Tea (various brands).. .30.00-00.00
Dried beana.. . . Cabbage............une ..0.81- 0.50
Whole buekwheut - R Lettuce ..0.60- 0.80
Wheat bran......... ... reene <1.00 Spinach 1.00
‘Whole wheat flour.. . Tomatoes... 10.60-0.00
Biscuit flour.. . Turnips. e <020
Carrota......... <0.20
Potato (white)... <0.20
Potato (aweet)........ <0.20
Applea................. 0.80
Pineapple (canned) 0.00
OranBe....cocivurarene 0.22

® For .the source of these wunalytic data see McClure.1s

t 1ee and Nielson.n

Lawrenz and Mitchell (18) found that
about 20 percent more of water-borne
fluorine was assimilated than of fluorine
ingested in food. This impairment of as-
simulation of fluorine due to the presence
of food in the alimentary tract was
observed when rigid control was exercised
over the animals’ habits of eating and
drinking. This observed difference in
assimilation of fluorine would need to
be taken into consideration if similar
conditions surrounded ingestion of fluo-
rine by human subjects, as in case an al-
lotment of fluorine in the diet was
ingested entirely in the food or the
fluorine-containing water was ingested on
an empty stomach. Results obtained by
me (15) relative to water-borne vs, food-
borne fluorine, when no control was ex-
ercised over eating and drinking habits,
gave no indications of a difference
in total assimilation of fluorine in young
rats. In this test the presence of food
in the alimentary tract during any drink-
ing period obviously obscured the effect
of water-borne fluorine per se. These
results also would be applicable only if
the drinking habits of the rat and of man
were similar. Considering the uncertain-
ties surrounding individual drinking
habits, a difference in the hygienic effect
of fluorine ingested in food as compared
with fluorine ingested in drinking water
has not been applied to the figures given
in table 3. In regard to the effects of
fluoride in food alone the following facts
may be noted: (a) Fluorine in water and
fluorine in food both -have inhibitory
effects on experimental caries in rats
(19); (b) endemic dental fluorosis (mot-
tled enamel) appears to result from food-
borne and water-borne fluorine (20); (¢)
Lee and Nielson. found that fluorine
contained in fish was assimilated by
young rats (21), and (d) fluorine in tea
is assimilated and produces characteristic
effects experimentally (22).

The estimates of fluorine intake shown
in table 3 may be compared with actual
fluorine content of an. average diet con-
sumed by a man, as determined by
Machle, Scott and Largent (23). The
actual fluorine intake based on a 9 month
study was approximately 0.45 mg. daily.
The drinking water contained no fluorine,
all the dietary fluorine being ingested in
food and beverages. It was noted that
almost twice as much fluorine was con-
tributed by fluids (tea, coffee, milk, bev-
erages and beer) as was present in the
solid food. As would be expected, the
consumption of iced tea during the
summer seemed to account for a notable
elevation in intake of fluorine.

In table 5 are summary estimates of
fluorine intake such as appear in table
3. The quantity of fluorine ingested by
children from drinking water containing
1 part per million of fluorine according
to these estimates will equal approxi-
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From
Body * Welght,
€4

Mg
81016 0.390-0.560
13to 24 0.520-0.7456
16 to 35 0.650-0.930
25 to 64 0.810-1.165

Drinking Water,

Total Daily from Total Dally,

From Food, Food snd Drinking Mg./Kg. of
Mg Water, Mg Body Welght
0.027-0.265 0.417-0.825 0.026-0,103
0.036-0.360 0.556-1.106 0.023-0.085
0.045-0.450 0.696-1.390 0.020-0.068
0.068-0.560 0.866-1.725 0.016-0.069

* Figures for welght for ages 1 to 6 years were taken from tables arranged by Woodbury (Woodbury,
R. M.: Statures and Welghts of Ohildren Under Six Years of Age, Publication 87, U. §. Department of
Labor, Children's Bureau, 1921); figures for 6 to 12 years were taken from the Baldwin-Wood weight-
height-age tables for boys and girls of achool age, publishei by the American Chlld Health Aassociation.

mately 0.5 to 1 mg. of fluorine daily.
This quantity of water-borne fluorine
plus fluorine contained in foods may
bring the total amount of fluorine con-
tained in the average daily diet up to
1 to 150 mg. The ratio of these ap-
proximate levels of intake to body

weight would probably rarely exceed 0.1 -

mg. per kilogram of body weight (table
5). As a general rule this average would
equal about 0.05 mg. daily per kilogram
of weight for children of these age
groups.

SUMMARY

An estimated quantity of water-borne
fluorine equal to approximately 0.5 to
1 mg. of fluorine daily present in the
average diet from the first to the eighth
year of life appears to be instrumental
in reducing dental caries to a great de-
gree. There has been no evidence pre-
sented heretofore to compare with this
mass reduction of caries accompanying
a modification of a dietary factor.

While conclusions may be modified by
further experimental and clinical studies,
at this time the evidence does not in-
dicate that a health hazard surrounds this
small quantity of additional fluorine in-
gested during the comparatively few
years of formative tooth life. The
importance of the preventive effects of
fluorine on dental caries suggests that
serious thought be given to the use of
this optimum quantity of supplemental
fluorine in children’s diets for the partial
control of dental caries.

In certain communities the drinking
water may contain fluorine naturally in
a quantity equal to 1 part of fluorine
per million. In these places a supple-
ment of dietary fluorige obviously would
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be unnecessary and undesirable. There
is under consideration also the advisa-
bility of a direct fluorination of drinking
water (24) so as to provide an optimum
quantity of fluorine for improved dental
health. Under this condition, likewise,
the previous recommendation for addi-
tional fluorine in the diet would not
apply. Therefore, only in communities
in which the water supplies either are
fluorine free or contain suboptimal
amounts of fluorine need serious con-
sideration be given to the possible use of
a supplement of fluorine in children’s
diets. Calculations of the quantity of
supplemental fluorine required must take
into account fluorine present naturally in
the local water supply. ’
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THE INVESTIGATION OF PHYSIOLOGICAL
EFFECTS BY THE EPIDEMIO-
| LOGICAL METHOD"
By H. TRENDLEY DEAN

NATIONAL INSTITUTE OF HEALTH, U. S. PUBLIC HIEALTI SERVICE, BETHESDA, MD.

INTRODUCTION

Tug application of epidemiological prin-
c¢iples, although infrequently employed in
the measuring of physiological effects, has
proved of merit in the study of certain
conditions. The term ‘‘epidemiological
uiethod’ refers to the procedure employed
in the study of a disease or a condition as
a mass phenomenon. It is distinetly op-
posed to the clinical method in which the
individual, rather than a population of in-
dividuals, is the unit of investigation. In
an epidemiological inquiry all observations
are related to the group; in a clinteal study
the observations remain related to the spe-
¢ific individuals under study. The epi-
demiological method requires a population
of individuals for study, and any disease,
communicable or non-communicable, or con-
dition may be the subject of investigation.
The method is essentially quantitative and
the disease or condition being investizated
may be actual, suspected, or assumed.

According to this definition of the epi-
demological method, a population of indi-
viduals niust invariably be the unit of
mvestigation. But the method of develop-
ing this unit of investigation may be sub-
jeet to considerable variation depending
upon the nature of the epidemiological in-
quiry. In certain types of studies, of
which endemie dental fluorosis or the fluo-
rine-dental caries hypothesis may serve as
examples, the general population may cou-
stitute the starting point. The population
which is to furnish the unit of investigation
is then resolved from the general population
by the exclusion of all individuals not found
possessing the requisites for study of the
particular condition being investigated.

* From the Division of Infectious Diseases, Na-

tional Institute of Health, U. S. Public Health Ser-
vice.
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Oun the other hand, in the iustances of
certain connnunicable diseases. particularly
when the recognizable cases ave relatively
few, a diametrically opposed method ot de-
veloping a population study group is fol-
lowed. Starting with possibly a few cases
of a known disease entity, the population is
developed by what may be tevmed inclusion.
or the addition to the stndy group of those
mdividuals affected or who may be affected
by the impact of the particular disease en-
tity mvolved. Such questions as the follow-
mge facilitate the development of the popu-
lation to be stucied; from whom was the
mfection contracted. how many other per-
sous may have been infected from the same
source, to how many individuals may the
infected person have already spread the
ifeection, ete., in each instance due con-
sideration being given to the vehicles and
conditions of transmission involved.

Thus, the unit of the epidemiological in-
quiry remains basically the same, a popula-
tion group, but one may have heen resolved
from a gencral population by exclusion;
the other developed from a relatively few
cases by nelusion.

Frost (1928) has recorded that ‘“‘in every
epidemiological investigation, whether its
munediate purpose be to explain a loealized
epidemic’” [which is merely a temporary
but spectacular phase in the history of a
disease] “‘or to elucidate the general spread
of an obscure disease, the first step is to in-
vestigate the association between occurrence
of the disease and sowe special condition or
set of conditions. This is primarily a
statistical process of ascertaining the fre-
queney of the disease in two or more pop-
ulations separated with vespect to the
particular condition.”” Tle counection be-
tween statistics aud epidemiology has been
well set forth by Greenwood (1935) ; its use

The material on this page was copied from the collection of the National Library of Medicine by a third party and may be protected by U.S. Copyright law.
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in vespect of physiological problems by
Dunn (1929), and of dental problems by
Gafafer (1938). Each epidemiolouical
problem presents its own varying sets of
conditions. Those recognizable necessitate
careful appraisal, and at times adjustiment.
prior to the inauguration of the study 1n
order that each factor may be secur in its
proper relation to the problem as a whole.

Limitation of space precludes a general
review here of the literature of epidemio-
logical studies of problems basically physio-
logical. A few instances of the application
of the methodology to studies ot this natore
must suffice.

A familiar example of how these prinel-
ples have been applied to the study of a
problem largely physiological was that of
Goldberger and his associates (1929) 1n
their study of endemie pellagra i certain
South Carolina mill villages. Other illus-
trations of its use include endemic woiter
(Olesen 1929), endemie dental flnorosis
(MeICay 1916; Dean 1938; Dean and DMe-
Kay 1939), and the investigation recently
reported by Neal and associates (1941) to
determine the possible effects of exposure to
lead arsenate in a relatively large popila-
tion residing in an apple-growing region.

Endemic dental fluorosis may serve well
as an illustrative example of the mauner i
which physiological effects may be studied
by the epidemiological method. In this
problem the physiological effects of previ-
ous fluoride ingestion—as indicated by the
permanent teeth—may be measured by
relatively precise quantitative means in
large and comparable population groups
differing only in the fluoride coneentrations
of their respective domestic water supplies.

In order to explain how epidemiological
principles were applied in the study of en-
demic dental fluorosis, the underlying fac-
tors of the problem, the types of population
needed for study, pertinent aspects pertain-
ing to the water supply, and a deseription
of how the effects (endemtic dental fluoro-
sis) are classified, will be taken up under
the following headings:

(1) General facts regarding dental fluo-
rosis.

(2) Requusites for quantitative evalua-
tron.

(3) Preferved age group for study.

(4) Measurement of effects (chnical
dinenosis).

(9) I[ndex of deuntal fluorosis.

(6) Fluoride content of the public water
supply,

(7) Relation between fluoride ingestion
and the observed effects.

ExpEMic DENTAL FLUOROSIS

(1) General facts regarding dental fluo-
rosts. The enamel defeet of the permanent
teeth known as endemic dental fluorosis, or
mottled enamel, 15 essentially a water-borne
disease associated with the ingestion of ex-
cessive amounts of fluorides present in the
water used for cooking and drinking during
the period of enamel calcification of the
affected teeth. The permanent teeth in
particular are affected, although in areas of
medium to marked severity the signs of
dental fluorosis are at times observable on
certain of the deciduous teeth.*

MeKay (1916) demonstrated that the
causative factor of endemic dental fluorosis
is operative during the period of tooth
development; the affected teeth erupt with
the characteristic markings of hypocaleifi-
cation or of hypoealcification and hypo-
plasia.? Normally calcified teeth erupt
showing a smooth, glossy translucent strue-
ture, usually of a pale ecreamy white color.
Teeth affected with mild endemie dental
fluorosis, on the contrary, erupt showing a
dull, chalky white appearance; in areas of
higher fluoride concentrations the affected
teeth may later take on a charaecteristic
brown stain. In areas of marked severity,
the surfaces of the teeth may in addition
be marked by discrete or confluent pitting.

(2) Requisites for quantitatwe evalua-
tion. For a quantitative evaluation of the
effects of ingesting fluoride domestic waters

1 That deciduous teeth might at times show mot-
tled enamel was first reported by McKay (J. Nat.
Dent. dssn., 5: 721, 1918).

2 For a discussion of ¢‘hypocalcification’’ and
““hypoplasia’’ see: Kronfeld and Schour, J.4.D.4.,
26: Jan. 1939, and Massler, Schour, and Ponecher,
Am. J. Dis. Child., 62: July 1941.
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two major requisites ave essential. Briefly
these arve:

(a) A common water supply whose his-
tory discloses no relevant changes wm either
its physical set-up, source. or cowposition
during the period coneomitant with the life
of the group examined.

(h) A population eontinuously exposed
throughout life to the variable under inves-
tigation (the comnunal water supply) and
of sufficient magnitude to permit the selec-
tion of a represeutative sample of individ-
nals, preferably 12-14 years of age.

A unigue feature of endemic dental
fluorosis is the long-time interval hetween
the operation of the causative factor. fluo-
ride ingestion during the period of enanel
formation, and the post-eruptive sizn of
the consequent effects. A passage frout a
paper of Schour and Massler (1940) is es-
pecially pertinent. Tliese authors state that
upon the kymograph of the growing enamel
Is written the time and inteusity of the
effect in a mauner which is characteristic,
if not pathognomonic, of the condition. To
cite an example : the signs of dental fluoro-
sis present in the superior permanent in-
cisors of a 12-year-old child merely point a
presumptive finger to a fluoride ingestion
that oeccurred approximately 8-11 vemrs
previous.®

Population groups upon whom quautita-
tive evaluations are computed must be sub-
Jected to two examinatious: (a) a retro-
spective examination as to the dowmestie
water used throughout life, and (b) a cross-
section examination for the purpose of
measuring the effects of using such water
as may be shown by the permanent teeth.
As a natural corollary it follows that the

‘public water supply must likewise be sub-

Jected to a retrospective evaluation in order
to determine whether any appareutly rele-
vant changes have occurred in its physical
set-up, source, or composition during the
period concomitant with the life of the

3 To the reader not trained in dental embryology
and dental physiclogy it might be fonnd helpful to
turn to the recent articles of Schour and Massler
(1940) on tooth developmental processes, or to the
earlier work of Kroufeld (1937) on the chronology
of human dentition.

vronp exanuined.  The amount of fluoride
& waler sample collected at the time of
the clinieal exawination—years after the
aufecedent cause was operative—may niean
little o1 nothing wnless it lias been deter-
wined that there are no interfering factors.
The wineral composition of water from
deep wells usually varles within compara-
tively narrow luuits, but the addition of
uew wells, the abandonment of old wells, or
the itntroduction of, or changes in, treat-
went during the lifetime of the group
exanined may introduce variables that
would wake it impossible to draw reliable
conclusions from the chemical findings dis-
closed at the time of the elinical examina-
tion.  Limited space does not permit an
evaluation liere of other variables inherent
- surface waters where seasonal and an-
uual rainfall or other meteorological condi-
tions may become factors of importance.

(3) Preferred age groups for study. The
age eroup of choice is the 12-14-year-old
eroup. Selection of this segment of the
population permits the examination of a
group it whom a high percentage (approxi-
nately 94 per cent) of the permanent teeth*
has erupted.

The inclusion in the study groups of
children as young as 9 years of age seem-
gly makes little material difference when
the group has been exposed to relatively
high fluoride waters (e.g., over 2.0 ppm of
F). But the examination of age groups
under 12 years of age in areas where the
fluoride conteut is relatively lower intro-
duces an error of considerable magnitude,
especially notieceable in fluoride concentra-
tion ranges in the neighborhood of, or just
above, the minimal threshold. In endemic
areas of relatively low fluoride concentra-
tions (less than 2.0 ppm of F) there is, in
a varyving proportion of children of com-
parable and constant residence and water
history, a tendeney to show the milder
forms of mottled enamel largely on the cus-
pids, bicuspids, and second molars. It fol-
lows that if an examination is limited, for
instance, to 9-vear-old children, certain in-
dividuals would necessarily be classified as

+ Third molars excepted.
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26 DENTAL FLUORORIX

normal oit the basis of the absence of mot-
tled enamel in the incisor-first molar group
of teeth, wherveas if the same individuals
were examined three or four years later
they might show slight but objective signs
of dental fluorosis on the cuspid-bicuspid-
second molar group of teeth and be so clas-
sified. For example, at Auvora ({ll.)
where the public water supply contains 1.2
ppm of fluorides (F'), an examination was
made of 633 twelve- to fourteen-yvear-old
white children who had continnously used
the public water supply sinee birth.  This
group had 16,448 permanent teeth erupted
and in position. A positive diagnosis of
fluorosis was possible in only 845 teeth (5.1
per cent), 768 (4.7 per cent) being diay-
nosed ““very mild’" and 77 (0.4 per cent)
“mild.””  Of these 845 teeth positive for
fluoroesis, 94 (11.1 per cent) were incisors
or first miolars, and 751 (88.9 per cent) were
cuspids, bicuspids, or second wmwolars, Had
the group examined in this community been
limited to nine-yvear-old children, much of
the affection would have passed wunoticed,
because a high percentage of the affection
was present i those tceth which do uot
normally erupt until later.”

(4) Meusurement of effects (clinical diag-
nosis). For purposes of recording quanti-
tatively the various degrees of severity the
followimg standard of eclassification was
developed (Dean 1938), each tooth present
in the mouth being classified under one of
the following six groupings:

Normal. The enamel presents the usual
translucent semi-vitriform type of struc-
ture. The surface is smootli, glossy, and
usually of a pale creamy white color.

Questionable.  The enamel discloses
shight aberrations from the transluceuncy of
normal enamel, ranging from a few white

5 The range of this error evidently decreases as
the fluoride concentration of the water supply in-
creases, probably as a result of the increasing num-
ber of incisor and first molar teeth affected. In
1935 the writer examined 148 nine-year-old children
of Colorade Springs (Colo.) and recorded a preva-
lence of 67 per cent. An examination of 404 elil-
dren, 12-14 years of age, in 1940 showed i@ preva.
lence of 74 per cent. The Colorado Springs publie

water supply contains about 2.6 part per million of
fluoride (F').

flecks to oceastonal white spots. This classi-
fication is utilized in those instances where
a definite diagnosis of the mildest form of
fluoresis 15 not warranted and a classifica-
tion of ““normal "’ not justified.

Very widd.  Small, opaque, paper white
areas scattered wrregularly over the tooth
but ot involving as much as approximately
25 per ceunt of the tooth swrtface. Fre-
quently weluded m this elassification ave
teeth showing no wore than about 1-2 mm
of white opacity at the tip of the summit
of the cusps of the bicuspids or second
molars.”

Midd.  The white opague areas in the
enamel of the teeth are more extensive but
do not involve as much as 30 per ceut of
the tooth.

Moderate.  All enamel surfaces of the
teeth are affected. and surfaces subject to
attrition show marked wear. Brown stain
15 trequently a disfieuring feature.

Severe.  Includes teeth formerly classi-
fied ax ““moderately severe’ and ‘‘severe.’”’
All enamel surfaces are affected and hypo-
plasia is so marked that the general form
of the tooth may be uffected. The major
diagiostic sign of this classification is the
diserete or confluent pitting. Brown stains
are widespread and teeth often present a
corroded-like appearance.

Having developed a standard of classifi-
cation, its application to the measurement
of the effects of fluoride ingestion observed
in the population studied warrants further
discussion.  As has been noted, each tooth
present in the wmouth is graded according
to oue of the six classifications defined.
Awong children using fluoride waters n
the iutermediate ranges between the mini-
mal threshold and the maximal response,
there is ordinarily considerable variability
in the degree of affection within the indi-
vidual ‘s tooth population itself.

In the interest of simplicity our studies
customarily report the degree of affection
on the child-unit basis rather than on the
tooth-population basis. Following an in-

6 In our earlier studies such teeth were commonly
classified as ‘‘questionable’’; during recent years,
however, they have been invariably listed as ‘‘very
mild.””
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23 DENTAL FLUOROSIS

spection of the recorded effects noted for
each tootl. the cliilld’s degree of affection is
arbitvartly classified as normal, question-
able. vevy mild. mild. moderate, or seveve.
Tlie child is classified on the basis of the
severest form of dental fluorosis recorded
for two or more teeth.

(5) Indcx of dental fluorosis.  Although
it is possible to correlate the prevalence of
endemic dental fluovosis (percentage of
individuals examined showing dental fluo-
rosis) with the fluoride concentration of the
public water supply, suel correlation does
not adequately make clear the marked dif-

fereuces in the degree of severity among

the groups studied. To take into account
these differences a numerical weighted index
of clinival severity (ludex of dental fluo-
rosis) 1s calculated for each group exam-
imed.  This index is computed by giv-
mg a definite weieht to each of the six
classifications’ used in measuring effects.
These weights. arbitrarily selected, are:
normal. 0: questionable, 0.5; very mild, 1;
mild, 2; moderate, 3; and severe, 4. The
manner in which this index is derived may

® 7 Child-unit basis.

be noted by reterence to the example shown

" in the following note to Fig. 2:

Norte. Each of the 22 plotted points, one for
each city, represents a ealculated Index of Dental
Fluorosis. The Index may be detined with the use
of the vbservations made in Amarillo, Texas, a city
whose commmunal water supply represented a fluo-
ride (F) concentration of 3.9 parts per mitlion.

F o é ]

Classifi-  Weight Frequency ;ngalfir/};zbty
cation (w) () (f\\:)
Normal .. 0 9 0

Questionable 0.5 19 9.5
Very mild .. 1 14 44
Mild .. 2 81 162
Moderate .. 3 98 204
Severe o4 38 152

T(£)=N=289 I(fw)=661.5

S(fw) 6615
N T Ese

o
=23

Index of Dental Fluorosis

(6) Fluoride content of the public water
supply. The fluoride content of the public
water supply with which the index of den-
tal fluorosis is correlated in this paper gen-
erally represents an arithmetic mean of 12
monthly samples. The Elvove (1933)
method of determination was used 1n all

VARIATION OF INDEX OF DENTAL FLUOROSIS WITH
THE FLUORIDE CONCENTRATION OF THE COMMUNAL WATER SUPPLY

(OBSERVATIONS ON 5,824 WHITE CHILDREN OF 22 CITIES OF 10 STATES)
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analyses; the sensitivity of the method may
be considered as about 0.1 part per millwon.

(V) Relation between fluoride tngestion
and the observed effeets,  Among individ-
uals of even an apparently homogeneous
aroup there are natural ditferences in sen-
sitivity (or resistance). In  population
groups such as those studied there may Dbe
added other patent variables intluencing

EPIDEMIOLOGICAL METHOD 29

thore intake suclt as the amount of water
drunk, dietary and culinary habits and
probable climatological influences.  Inspee-
tion of the data in Table T shows that the
ubserved  effects iu the 289 childven of
Amaritlo (Texor all of whom used continn-
ously throughout life the municipal water
for dreinkine and cookine. are characterized
by mavked vartation within the group. The

TABLE 1
VARIATION IN THE KFFECTS OF FLUORIDE INGESTION ASSOCIATED WITH THE CoNTINTUoUs Usk oF DOMESTIC

WATERS OF DIFFERENT FLUOKIDE CoNCE

TRATION

(Observations ou 5824 white children of 22 cities of 11t siates)

Sigusibsent

- %,
O - T - PN
E 3 s | £ =
Place Z & = =
z = T 2
= v " -
Sl 2 | = | 2%
z | & | & |RS
Wiaunkegau, Illineis 423 0.2 | 0.01 0.0
Michigan City,

Indiana . ) 236 0.0 ) 0.01 0.1
Zanesville, Ohio ... 459 1.5 | 0.08 0.2
Liwa, Ohio ... . 454 2.2 | 0.09 0.3
Mavion, Ohio ... | 263 6.1 | 0.25 0.4
Elgin, Ilinois ... | 403 4.2 | 0.22 0.5
Puehlo, Colorado ...} 614 8.5 | 0.17 0.6
Kewanee, Illinois ... | 123 12.2 ) 0.31 0.9
Aurora, Illinois . ... | 633 15.0 .32 1.2
Joliet, Illinois .. ... | 447 25.3 | 0.46 1.3
Elmhurst, Illinois .. 170 40.0 | 0.67 1.8
Galesburg, Illineis ... | 273 47.6 | 0.69 1.9
Clovis, New Mexico .. | 138 71.0 | 1.4 2.2
Colorado Springs,

Colorado o 404 73.8 | 1.3 2.6
Plainview, Texas ... 97 87.6 | 1.8 2.9
Amarillo, Texas ... | 289 90.3 | 2.3 3.9*
Conway, South Caro-

Hna 59 88.2 | 2.1 1.0
Lubbock, Texas ... | 189 97.8 | 2.7 4.4
Post, Texas .. ... 38 | 100.0 | 3.3 5.7t
Chetopa, Kausas ... 65 1 1000 | 3.2 7.6t
Ankeny, Towa ... . 21 1 100.0 | 3.3 8.0t
Bauxite, Arkansas .. 26 | 100.0 | 3.4 14,14

Percentage distrilimtion

White
opstyue spots

Browustains

and pitting | Age group

. = . ol

- £ = = | sthool grade
z - N : - =z \ E

z 2z = = z =

z |52 |2 | 2 | = ‘ 7

97.9 " 20 00 0 | g e=14 g,
97.5 . (IR TN! 0.0 \ 12-14 ¢
854 | 151 1.5) ool ool o0 10-14 ¢
el sl 22 v own oo | 12-14 ¢«
5374 36.5 5.3 0.3 0.0 0071 12-14 ¢

|

605 | 854 | 3.5 07 oal og Fios1g e
723 | 212 6.2 0 03 0u 0.0 ¢+ 12-14 ¢
52.8 ) 35.0 | 104 | 1.6 unal 00! 12214
53.2 | 318 [ 13.9 ] 111 nuo| 0.0 ] 12-14 ¢¢
0.5 | 342 222 a1 vo |00 | 12-14 «
28.2 | 31.8 | 300 | 88 12| 0.0 | 12-14
25.3 | 2.1 [ 40.3 | 62 11 0.0 ) 12-14 ¢
13.0 | 16.0 | 239 [ 354, 110 | 07 | 9-11 «

6.4 1 198 | 42.1 8.9 1.5 | 12-14 ¢¢
1.1 8.3 | 340 | 268 | 23.7 3.1 9-12 ¢«

3.1 6.6 1 1521 280 & 339 | 13.2 9-12 ¢

Lo

51| 6.7 | 204 | 32 il VKRS VY
L1 L1122 ] 217 § g6 | 17.0 | 9-12 <
0.0 | 00| 0w | 105 an0 | 305 | 4= 6 grades
00| 00 02| 215 108 | 585 | 3-12

0.0 | 00| 001 95 | 47.6| 428" 2-12 «
0.0 00 | 391 393851 538 ‘ 14-19 yrs.
|

1 All fluoride determinations were made by Senior Chewmist Eliis Elvove. Division of Chemistry.

* Subject to possible correetion to 4.2 ppm durin g susceptible period of age group examined.

t Single determination; all others, arithmetical mean of 12 counsecutive monthly samples.

** For public health administrative gnidanee an index of dental fluorosis of 0.4 or less is of no con-
cern from the standpoint of mottled enamel per se; when, however, the index rises above 0.6 it Legins to
constitute a publie health problem warranting inereasing consideration. It isx highly important to note
that an index of fluorosis as low as about 0.3 has been found associated with remavkally low deuntal eavies

experience rate.
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percentage frequency distribution, it de-
picted graplically, would roughly follow
the characteristic ‘‘eocked hat’’ or normal
curve of variation. The highest percentage
Is intermediate; the initial and terminal
ones are the lowest. . A similar variation is
discernible in the percentage distribution
for each of the cities listed in Table 1.

The relation between the severity of
effeets as observed in each population group
en masse (index of dental fluorosis) and the
fluoride concentration of the communal
water supply is shown graphically in IFig.
2. The association between the index of
dental fluorosis (measurable characteristies
of physiological effects) aud the fluoride
concentration of the publiec water supply
follows with reasonable precision a rough
S-shaped c¢urve. This evidence of concomui-
tant variation is in eclose accord with the
general findings of Shackell and associates
(1924) and Shackell (1925) respecting the

ogival relation between dosage and effect.

Discussion

During recent years the horizon of epi-
demiology has been extended far beyond its
earlier aud precise etyinological connota-
tion—the study 'of epidemics. The epi-
demiological method of investigation has
very properly been applied to the study of
infectious diseases of known etiology but
of loug duration, such as tuberculosis, to
diseases or conditions of unknown etiology,
such as cancer or dental caries, to deficiency
diseases, of which pellagra and scurvy may
serve as types, and to conditions associated
with trace elements, such as endemic dental
fluorosis, endemie goiter, and the recent
study to determine the possible effects of
exposure to lead arsenate in an apple-
growing regiou.

At times the epidemiological characteris-
ties of a eondition or disease may be sharply
outlined years before the experimental evi-
dence demonstrates the causation, e.g., mot-
tled enamel. In other instances meticu-
lously collected epidemiological evidence
may add much to the interpretation of
basic laboratory findings. Test epidemio-
logical studies for determining the actual

conditions in huwman populations with re-
spect to some particular etrcuntstance niight
well  demonstrate fallacies in a  priord
reasoning that certain findings from the
field of auimal experimentation or limited
wstitutional studies are humediately ap-
plicable to man living under naturval condi-
tions. The field of dental caries furnishes
some interesting exaumples of the need of
such epidemniological verification.

The cited example of the correlation of
the indexes of dental fluorosis with the
fluoride econcentrations of the domestie
waters illustrates another phase ot the sub-
Jeet that is worthy of cwphasis. In order
to develop a method for expressing endemic
dental fluorosis quantitatively it was neces-
sary first to study cavefully a very large
number of cases. This permitted the de-
velopment of a classification covering the
range of elinical affection which in twmn
provided the means of resolving the ¢uanti-
tative terms upon which is based the index
of dental fluorosis. Sintilar studies are now
being made 1 dental caries. In this field
there still remains much to be done, par-
ticularly from the poiut of view of the
examiner’s variation In subjective assess-
ment respecting small carious lesions, pits
and fissures, ete. Means for cqualizing or
adjusting for these variations in diagnosis
are essential if the findings of ditferent
observers are to be compared. It is obvious
that in many other medical or dental fields
the difficulties of expressing a disease or
condition in quantitative terms and fignres
will be even greater. A particular example
from the field of stomatology that may be
cited is that involved in attempting to mea-
sure with any degree of precision the vari-
ous lesions of the soft tissues of the oral
cavity. To express the mucosal changes
quantitatively will probably be extremely
difficult even in those instances where a
relatively satisfactory differential diagnosis
is possible. It is believed, Liowever, that it
will be profitable to aim at such quanti-
tative data, even it at first they can be only
roughly approximate.

i e Rt LB B = =
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SUMMARY

1. The application of epidemiological
methods in the study of physiological ef-
fects 1s discussed.

2. The utilization of epidemiological prin-
ciples in the study of endemic dental
fluorosis—using the permanent teeth as in-
dicators—is presented as a specifie examnple.

3. Measurable dental characteristies of
the physiological effects of fluoride inges-
tion (index of dental fluorosis) as observed
in 5824 white children of 22 cities in 10
states were found associated with the
fluoride concentrations of the publie water
supplies in a relatively precise quantitative
relationship. The present evidence of con-
comitant variation shown between these two
variables manifested itself graphically as
an ogive.

4. The desirability of being able to ex-
press human diseases or conditions in quau-
titative terms and figures, as in the case of
endemic dental fluorosis, is emphasized.
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75 per cent for both. The tendency for
hemorrhage is also similar in the  two
groups.

In conclusion, our findings suggest
that a concentration of [-arterenol

The Journal of the American Dental Association

greater than 1.50,000 and less than
1:30,000 will give comparable vasocon-
striction to nordefrin 1:10,000 when
combined in a similar anesthetic mixture.

—618 Lombard Street.

THE CONCENTRATION OF FLUORIDES
IN DRINKING WATER TO GIVE THE POINT OF

MINIMUM CARIES WITH MAXIMUM SAFETY

Harold C. Hodge, Ph.D., Rochester, N. Y.

0 THOSE who have followed the fluo-
ride story, the comparatively narrow
margin between health-conferring

amounts in the drinking water and mot-
tled enamel-producing amounts is well
known. By a happy coincidence, the fluo-
ride concentration associated with a bene-
ficial reduction in caries is a concentra-
tion producing little or no injury. There
are several remarkable aspects of this
coincidence. First, the amounts of fluoride
involved are extremely small; only 1 ppm.
apparently confers a low incidence of
cavities, and only 2 to 5 ppm. is associ-
ated with endemic mottled enamel. Sec-
ond, fluorides provide an unusual exam-
ple of a substance which may be healthful
in small amounts, but in slightly larger
amounts is harmful. Third, both of these
fluoride effects show up in the same struc-
ture in the body; the benefit of small
amounts of fluoride is exhibited in the
teeth and the injury by slightly larger
amounts is exhibited, as far as we know,
only by the teeth.

If a patient comes into the office with

a series of questions about fluorides, the
busy practitioner may not have at his

finger tips a quick, easily grasped answer.
Suppose the patient asks how much good
fluorides will do if they are put in the
drinking water, and how we know that
they are safe. Answers can be given
briefly and convincingly accompanied by
a little sketch made of two straight lines.
The purpose of this paper is to describe
these two straight lines, to tell how they
were obtained and to discuss their signifi-
cance,

To start with, it should be recognized
that many functions of the body can be
expressed mathematically. It is through
this approach that the two straight lines
have been found. There is something ap-
pealing about any straight line relation-
ship; the regularity and simplicity of a
linear change makes such a relation easy
to grasp. Many of the body functions
may be described as linear processes when
the effect under study is expressed in
terms, not of stimulus, but of the loga-
rithm of the stimulus. It is sometimes said
that we see logarithmically, hear loga-

Professor of Pharmacology Division of Dental Re-
search, University of Rochester School of Medicine and
Dentistry, Rochester, N. Y.
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rithmically, grow logarithmically, and
resp{)ond to medication logarithmically.
Sudh statements are based on the fact
that when the brightnesses of two lights
(or‘ loudnesses of sounds, and so forth)
are ‘compared, the light intensity must in-
crease stepwise on a logarithmic scale in

ord:‘cr for the apparent brightness to in-

crease by equal steps. In physiology, the
Weber-Fechner law is so well known that
thes‘le names (Weber-Fechner) are fre-
que“ntly used to describe the principle that
CH‘CTCtS are a function of the logarithm of
the “stimulus. In this paper, this test has
been applied to the relationship of fluo-
ridejj to mottled enamel and of fluoride
to d“ental caries experience. In the search
for a graphic presentation of the balance

between benefit and injury, the extensive

colltr:ction of data by Dean and his col-
labgrators was used.

D::eanl and his colleagues have exam-
ined more than 5,800 children in 22 cities
whe;:re mottled enamel is endemic. These
citieus are scattered from coast to coast,
north and south. The children all had
had| continuous exposures to the com-
munity water supplies. The water supply
had|not been changed so that presumably
the present fluoride content represented
the |past exposures. The mottling had
been carefully observed and averages
recorded for each child in four degrees

of severity: (1) “very mild”—tiny white
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spots undetected except by a trained ex-
aminer; (2) “mild”—opalescent or
milky areas, not difficult to detect but
not esthetically marring; (3) “moderate”
~—stained areas in, not on, the enamel ;
and (4) “severe”—pits, grooves, or
chalky areas in the enamel surface. The
average severity of mottling has been cal-
culated for each city.

When these averages are plotted (Fig.
1) against the parts per million of fluo-
ride (on a logarithmic scale) in the com-
munity water supplies, the data fall on
two straight lines with amazing consist-
ency. (1) Beginning at about 1 ppm. of
fluoride, increasing the amount of fluo-
ride in the water (logarithmically) pro-
duces a regular and linear increase in
the severity of mottling. (2) Below 1
ppm. of fluoride, there is no indication
that fluoride has any effect on the occur-
rence of the occasional spots or milky
areas or hypoplasias that would be in-
cluded in the observations of mottling.

The fact that the average degrees of
mottling fall on a line is the more amaz-
ing when it is remembered that there was
no quantitative basis, priori, for com-
paring the grades of injury. For Instance,
there was no proof that the stained areas

1. Dean, H. T., The Investigation of Physiological
Effects by the Eﬁxcfemiologica] Method. In Fluorine and
Dental Health, F. R. Moulton, ed. Washington: Amer-
ican Association for Advancement of Science, 1942,
p. 23.
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represented three times as severe an in-
jury as the tiny white spots. From Fig-
ure 1, it appears that the grades of sever-
ity really represent approximately equal
increments of response and were excep-
tionally well chosen.

The straight line intersects the “very
mild” average at about 2 ppm. of fluo-
ride. It is reasonable to wonder whether
these cities include sufficient variations
in climate and in water intake so that this
line is universally applicable. Of course,
the averages are based on the values for
scores of children in each locality so that
an average of “very mild” may well in-
clude a few children with moderate mot-
tling (that is, showing stain) and many
children showing no evidence of a fluo-
ride effect.

In their studies of the epidemiology of
the fluoride effects, Dean? and colleagues
have also examined 7,257 children, aged
12 to 14 years, in 21 cities and recorded
the incidence of caries, past and present,
as shown by pMF teeth. These cities are
also scattered across the country; in fact,
in a number of instances, data on mot-
tled enamel and on caries experience are
available from the same cities. The aver-
ages for some of the cities are so high (7
to 8 or more pmrF teeth per child) that
they give a sad commentary on our mod-

¢

100

ern civilization. On the other hand, the
lower averages (2 or 3 DMF teeth per
child) in cities where the water supply
has 1 or 2 ppm. of fluoride, constitute
one of the most convincing demonstra-
tions that dental health may be markedly
improved on a community-wide scale in
the future. When the averages for the
caries experience are plotted (dotted line
on the left in Figure 2) against the ppm.
of fluoride (on the same logarithmic
scale) in the community water supplies,
a regular and linear decrease in caries is
demonstrated with increasing fluoride
content. The consistency with which the
extent of caries is proportional to the
fluoride is almost incredible.? There are
no observations on cities where the fluo-
ride level is above about § ppm. and

2. Idem, Epidemiological Studies in the United
States. In Dental Caries and Fluorine, F. R. Moulton,
ed. Washington: American Association for Advance-
ment of Science, 1946, p. s. .

Dr. Trendley ﬁean, in a personal communication, has
made the following comment:

““In your figure one, I notice you use ‘very mild,’ ‘mild,’
‘moderate’ and ‘severe.” I have avoided using these
terms as they designate a clinical entity rather than an
arithmetically determined community index which I
divide as follows according to the index:

0.0-0.4 negative 1.0-2.0 medium

0.4-0.6 borderline 2.0-3.0 marked

0.b-1.0 slight 3.0-4.0 very marked
“Actually it would make no essential difference in the
two lines.
“According to my memory, I examined about 2000
children in 5 different states with wide differences in
the type of mottled enamel before I ventured to set up
a tentative classification.”








Hodge

the average caries values are nearly iden-
tical for cities with water supplies con-
taining 2 or more ppm. of fluoride, so
that little additional benefit might be
gained at 2 or § ppm. as compared with
the caries experience at 1 ppm. of fluo-
ride. Obviously, more data are needed,
for example; (1) on communities with
widelir differing climates, (2) on popu-
lation age groups other than the 12 to 14
year olds, {3) on cities with higher con-

.. . .
centrations of fluoride in the water

suppl%!.

The straight line representing caries
decrejjélse with increasing fluoride content
cuts t‘be straight line representing mottled
cnam“el increase at 1 ppm. of fluoride or
just above this figure. This intersection
has a peculiar importance. It might be
called the “point of minimum caries with
minimum mottled enamel” or the “point
of maximum usefulness of fluorides with
minimum harm.” Some might like to
describe it as the “point of maximum
health with maximum safety.” This point
is prc‘)bably the best available guide for
the se}lection of the concentration of fluo-
ride to be established artificially in dem-

A

J.AD.A,, Vol. 40, April 1950 . . . 439

onstration studies of the effectiveness and
the safety of fluorides in the control of
dental caries.

3. Dr. 8. Lee Crump of the Statistical Section of
the Atomic Energy Project, Department of Radiation
Biology, and Mr, Kenneth G. Goss, calculated the
equations shown in Figure 2. For the linear increase
in the severity of mottling wth ppm. of fluoride greater
than 1 in the drinking water, the line fitted by the
method of least squares is as follows:

Index of fluorosis = ~o0.057 + 3.77 log ppm. fluoride.

At 1 ppm., the index of fluorosis predicted is —o.06
and the standard error of this value is 0.06. The sig-
nificance of this statement is that the mottling predicted
at 1 ppm. does not differ significantly from a normal,
nonmottled tooth. On the other hand, the straight
line running toward the lower fluoride concentrations
and nearly parallel with the base line is fitted by the
following equation:

Index of fluorosis = 0.18 -+ 0.29 log ppm. fluoride.

The slope of this line is o.29 and the standard error
of the slope is 0.04. The significance of this statement
is that there really is a regular falling off in average
mottling below 1 ppm. even though the total changes
are of negligible biologic (esthetic) significance.

The equation for the line relating the decrease in
caries to the increase in content of fluorides in the
drinking water is as follows:

Number of DMF teeth per 100 children = 359 —464
log ppm. fluoride.

This equation gives, for communities with drinkng
water containing 1 ppm. fluoride, a predicted incidence
of decay of the order of 360 DMF teeth per 100 chil-
dren and the standard error of this fAgure is 1g9. This
means that, when water containing 1 ppm. fluoride is
drunk by children, it is probable that the average
12 to 14-year-old will have between 3.2 and 4.0 *“‘bad”
(DI\;‘IF) teeth., DMF means “decayed, missing or filled”
teeth.

The Uses of Science.—When in difficulties, the masters of the totalitarian states of the past, the
Babylonian and New Egyptian empires, summoned their sorcerers and magicians in the same
way as their successors of today call upon the scientists. There is no reason to suppose that
modern successors to Daniel and Moses will be lacking to put to rout this improper use of science
by an' appeal to higher Authority; . . . the medieval idea of the subordination and coordination
of all sciences under theology, their queen, may not be as foolish a notion as it may have
appez:rcd fifty or a hundred years ago.—Joseph V. Walker, “Bacterial Warfare,” The Lancet

256:501, March 19, 1949.
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Dose-Response Analysis for Severe Dental Fluorosis


EPA Office of Water 


Health and Human Services


Federal Panel on Community Water Fluoridation


September 23, 2010
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Topics Covered


			Regulatory History


			NRC Charge and Report


			U.S. EPA Action Plan


			Dose-Response Analysis


			Severe Dental Fluorosis


			Caries


			RFD Determination


			Drinking Water


			Diet
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Drinking Water Standard 


Regulatory History 


			1975 – EPA Interim Drinking Water Standard


			Established range of 1.4 to 2.4 mg/L to prevent objectionable (moderate/severe) dental fluorosis- considered an adverse health effect








			1986 - Existing Drinking Water Standards


			Established MCLG /MCL of 4.0 mg/L to protect against crippling (stage 3) skeletal fluorosis


			Assumed all exposure comes from drinking water (i.e., a 100% relative source contribution or RSC*)


			Set Secondary MCL (SMCL) at 2.0 mg/L to protect against objectionable (moderate/severe) dental fluorosis (then considered a cosmetic effect)





			2003 – Finalized “first” review of drinking water standards


			No revision appropriate at that time; requested National Academies of Science National Research Council (NRC) to examine current standards in the light of new data since 1986 regulation and a 1993 NRC report
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NRC Charge and the 2006 Report


			2003 EPA Charge to NRC


			Review recent health/sources of exposure data; Evaluate basis for MCLG/MCL and SMCL; Advise EPA on adequacy of MCL and SMCL to protect children and others from adverse effects; and identify data gaps/research needs





			March 2006 NRC Report


			Dental Fluorosis - Most panel members concluded “severe dental fluorosis” is an adverse effect (due to thinning/pitting of the tooth enamel which increases the risk for cavities); MCL does not adequately protect against this effect


			Skeletal/Bone effects - MCL may not protect against bone fractures


			Other Effects - Human and animal data limited on endocrine and neurodevelopmental effects; research needed


			Cancer – Evidence tentative and mixed (most studies look at bone cancer); Wait for publication of two Harvard osteosarcoma (bone cancer) studies* 


			Advice to EPA - update the dose-response assessment, consider susceptible populations, characterize uncertainties/variability, and update the exposure assessment (i.e., the relative source contribution)





*


*These studies were expected in 2006 but only one has been published thus far. 
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U.S. EPA Action Plan


			Three Documents


			Dose-Response Analysis for Severe Dental Fluorosis and Skeletal Effects


			Fluoride in Drinking Water (NRC, 2006) provides hazard identification


			Peer reviewed - March 2008


			Exposure and Relative Source Contribution


			Peer Reviewed – May 2010


			Relationship of Fluoride to Cancer


			To be initiated after publication of Harvard study as recommended by NRC (2006)
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EPA Approach to the Non-Cancer, Dose-Response Assessment


			Retrieve critical studies from NRC (2006) and from EPA literature searches 


			Carry out a critical review of all important studies 


			Prepare Dose-Response Analysis Document


			Conduct an internal Peer Review


			Office of Research and Development


			Office of Pesticide Programs


			Office of Children’s Health


			Conduct an external Peer Review (panel) – one day meeting


			Three dental professionals


			One bone expert
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Critical Study and Endpoint


			Dean (1942) – Severe Dental Fluorosis 


			5,558 children - mostly ages 10-12


			Younger age children only from locations with the highest F drinking water concentration


			Life-long residents


			21 locations 


			Baukite, AK not included  because of aluminum mine and smelter


			Drinking water concentrations: 0 – 8.0 mg/L


			18/21  values were averages for 12 months


			Method colorimetric; some interference by other ions possible


			Sources of exposure: drinking water and diet
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Categorical Regression of Dose-response


Data demonstrate that the drinking water concentrations in the Dean (1942) data set are significantly and positively associated with the severity of fluorosis


*
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Benchmark Modeling of the Dean Data


0.5% response: BMD = 2.14 mg/L; BMDL = 1.87 mg/L


*
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Variations to the Modeling (0.5% Prevalence)


BMD and BMDL consistent with the 2 mg/L threshold identified from earlier analyses


BMD results relatively stable; BMDL impacted by the decrease in the population size when some localities were removed from the analysis 


*
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			Dichotomous-Hill Model
Variation			BMD
mg/L			BMDL
mg/L


			Base Model			2.14			1.87


			2 high dose sites eliminated 			2.16			1.85


			2 high altitude sites eliminated (were also the two lowest concentrations with a response)			2.19			1.75


			2 high temperature sites eliminated			2.15			1.86


			2 high altitude and 2 high temperature sites eliminated			2.20			1.73















































NRC (2006) Caries Conclusions


			Severe dental fluorosis is characterized by discrete and confluent pitting which constitutes enamel loss


			“Severe enamel fluorosis may increases carries risk by reducing the thickness of the protective enamel layer and by allowing food and plaque to become entrapped in the enamel defects”


			Data from 11 out of 14 comparisons of degree of fluorosis with cavity incidence support the hypothesis that severe enamel fluorosis is associated with an elevated incidence of cavities compared to mild to moderate fluorosis
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Fluoride Concentration vs.  DMFT /DMFS


*
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Limitations:  Data come from different U.S. studies conducted at different time periods.


The MCL of 4 mg/L limits exposure at higher F concentrations 
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Community Fluorosis Index vs.  DMFT/DMFS
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U.S. EPA: Caries Hypothesis Conclusions


			Data provide some support for the hypothesis that the enamel defects found in severe dental fluorosis increase the prevalence of caries as compared with mild to moderate fluorosis


			Differences are minimal in some cases


			The relationship between caries and degree of fluorosis is illustrative of the U-shape characteristic of chemicals with nutritional benefits


			Caries prevalence where there is no or questionable fluorosis is greater than for with severe dental fluorosis.


			The slope on to the left side of the U is steeper than that on the right  side


			There appears to be a range of exposures that provide an anticaries benefit without increasing the risk for severe dental fluorosis


			The cavity data are not suitable for dose response modeling 
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Reference Dose Challenges


			Point of Departure from the Benchmark Dose analysis is a concentration in drinking water not an exposure.


			Exposures occurred 70 to 80 years ago


			Exposures nearly exclusively water and diet


			No fluoridation or fluoridated toothpaste  


			No data on drinking water intakes at the time


			Dietary data from the era based on colorimetric analyses subject to interference from food components 
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EPA Approach


			Body Weight and Drinking Water Intake data from Ershow and Cantor (1989)


			1977-1978 USDA Food Consumption Survey


			Age groups from six months to 14 years (Massler and Schour, 1958)


			Recommended by the American Dental Association


			Dietary Estimate from McClure (1943) adjusted using fluoride concentration data from USDA (2005)


			McClure (1943) body weight for the age groups his dietary analysis 


			Accept IOM (1997) Adequate Intake (AI) as reflecting doses with nutritional benefit


			Calculate doses using mean to 95th percentile drinking water intakes
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Dose Estimate Results – Drinking Water


0.07 mg/kg/day =  selected as drinking water contribution dose at the BMDL


Values ≤ 0.05 mg/kg/day eliminated from consideration because at or below IOM (1997) AI


Range of values provided for use by risk managers (peer reviewer recommendation)
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			Dose Estimates (mg/kg/day)


			Age (yr)			mean			75%			90%			95%


			0.5-<1			0.07			0.10			0.14			0.16


			1 -<4			0.09			0.10			0.15			0.19


			4-<7			0.07			0.09			0.12			0.14


			7-<11			0.05			0.06			0.08			0.10


			11-14			0.04			0.05			0.06			0.08
























































Dose Estimate: Diet


			Body Weights and food intakes from McClure (1943)


			Food intakes derived from age group specific caloric guidelines and 4.5 kcal/g solid food (includes  milk and fruit juice)


			Average fluoride concentration in foods 0.5 ppm estimated based on USDA (2005) and McClure (1943)


			Dose from diet = 0.01 mg/kg/day
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RfD Derivation


RfD = POD = 0.08 mg/kg/day = 0.08 mg/kg/day


            UF                    1


Where:


POD =  Point of Departure = BMDL dose (0.07 mg/kg/day) + Diet Dose (0.01 mg/kg/day)


UF = Uncertainty Factor = 1


Confidence  in RfD Medium





Experimental Support (Iowa Fluoride Study):


Intakes for 8 children with severe dental fluorosis based on Fluorosis Risk Index (FRI) > 0.06 mg/kg/day


1 child with pits had an average intake 16 to 36 months 0.079 mg/kg/day


FRI includes children with staining and/or pitting in the severe category.  Pictorial record confirmed the pits in one child of the 8; 6 lacked pitting and the pictures could not be located for one child


Do Not Cite, Quote or Distribute – EPA Deliberative Document








Box—and —Whisker Display for Fluoride

fo

1.

gagr 1 :
5l ,
S

Dean's incer of Fuoross
Subgrap Sasx Min =38 M nm 4TS





 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 1 2 3 4 5 6 7 8Fraction AffecteddoseDichotomous-Hill Model with 0.95 Confidence Level13:21 08/13 2008BMDLBMD   Dichotomous-HillBMD Lower Bound



0



1



2



3



4



5



6



0



0.5



1



1.5



2



2.5



3



3.5



4



4.5



                          



 



Fluoride (ppm) 



                                   [DMFS =solid circles; DMFT = open boxes] 



DMFS / DMFT



0



1



2



3



4



5



6



0 0.5 1 1.5 2 2.5



Community Fluorosis Index



(DMFS = solid circles; DMFT = open boxes)



DMFT / DMFS Scores











Do Not Cite, Quote or Distribute 


EPA Deliberative Document


*


Fluoride Exposure and Relative Source Contribution (RSC) Assessment


EPA Office of Water


Health and Human Services


Federal Panel on Community Water Fluoridation


September 23, 2010
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Topics Covered


			EPA RSC Policies


			Data Source Criteria


			Key studies


			Media Excluded


			Age Group RSCs


			Age Group Exposure Estimates
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Office of Water RSC Policy


			Mean values for all exposures except drinking water


			Drinking Water Intakes based on average fluoride concentration and 90th Percentile drinking water intakes (consumers only)








RSC = Exposure from drinking water (mg/day)


                      Total exposure (mg/day)
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Data Sources


			Peer reviewed journals and publications


			Diet


			Market basket and duplicate diet studies


			US Data 


			Analysis by ion-specific electrode


			Toothpaste


			US and Canadian Studies 


			Other sources of exposure





			EPA data  


			Six-Year Review Information Collection Rule (ICR) data from public drinking water systems 


			OPP Sulfuryl Fluoride estimates


			Estimated Per Capita Water Ingestion in the United States (2004)
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Drinking Water ICR Data Analysis


			Examined 8 years of ICR data (1998-2005) on two levels : 


			All systems  that reported a fluoride concentration


			Only systems that reported ≥ 2 mg/L at least once during the 8 year ICR period


			Mean, Median, 90th percentile concentrations for detections


			Observations


			Shows a trend towards  increasing levels of F and a increasing number of systems reporting ≥ 2 mg/L at least once


			Mean values range from 1.24 mg/L up to 1.7 mg/L increasing with time


			% systems ≥ 2 mg/L range from 10 % up to 15% increasing with time


			Increases correspond to an increase in the number of states reporting data to EPA in the later ICR years


			Mean for all systems = 0.87 mg/L  (most recent 4 years of monitoring)


			90th percentile for all systems = 1.43 mg/L


			Mean for systems ≥2 mg/L at least once = 1.76 mg/L


			90th percentile 3.84 mg/L
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Dietary Analysis


			Dietary from solid foods (mean)


			Milk and fruit juices included with solid foods 


			US market basket data


			Ophaug et al. (1985) and Jackson et al. (2002) publications


			Infant ( 0.5 - <1 year) estimate based on  use of reconstituted powdered formula and consumers-only water intakes


			Dietary from beverages excluding plain drinking water ingestion (mean)


			Commercial beverages


			Home prepared beverages were made with distilled water


			3-day record combined with market basked analysis excludes milk and plain drinking water 


			Pang et al (1992)
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Sulfuryl Fluoride Data-OPP


			Data provided for OPP food groups


			Approved for cereal grains, powdered milk, eggs, cocoa, dried fruits, nuts and other foods 


			Treated grains and legume vegetables major dietary food groups for fluoride exposure


			Exposures provided


			Fluoride from Cryolite 


			Cryolite data not used since dietary survey data include foods treated with cryolite


			Fluoride from Sulfuryl Fluoride


			Not in use at the time of any of the dietary surveys


			Approved for treatment of processing and food storage facilities
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Toothpaste Analysis


			Age-specific data from the US and Canada


			Chose studies that measured fluoride ingested from toothpaste


			Levy et al (1945), Nacchache et al (1992), Rojas-Sanches et al (1999)


			Average values/brushing 


			Wide confidence bounds


			One brushing/day


			Provided information on the RSC impact of using two brushings per day 
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Soils Analysis


			Typical concentrations in U.S. Soils


			Reflective of soil and household dust ingestion


			300-400 ppm ATSDR (2003)


			EPA used 400 ppm


			Soil Ingestion Rates


			Child-Specific Exposure Factors Handbook (2008) 
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Excluded from Quantitative RSC analysis:





			Inhalation of ambient air


			A minor quantitative contributor (NAS 2006 estimates)


			< 2 µg/day for a child


			Mouthwash


			No data on fluoride intakes


			Dietary supplements for children


			Use not recommended when drinking water fluoridated


			Products used on an occasional basis and not common to the general population


			Fluoride-containing pharmaceuticals


			Dental fluoride treatments 
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Age Specific RSC Outcome
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Exposure Observations


			Direct and indirect drinking water is 40% of total exposure for ages 1 to < 11 years


			Drinking water is the major source for infants fed using powdered formula 


			Toothpaste is an important contributor for children ages 1 to < 4 years 


			Poor swallowing reflex 


			More than 1 brushing/day will increase the toothpaste contribution.


			Diet = sum of food, beverage and sulfuryl fluoride


			Largest contributor for children 4 to 11 years


			Fluoride in beverages highly correlated with regional drinking water concentration (0.72 to 0.98)  (Ophaug et al., 1985).


			Fluoride in solid foods not correlated with regional fluoride drinking water concentration (Ophaug et al., 1985); cooking in water with fluoride can increase the fluoride concentration but varies with the food prepared


			Commercial beverages (USDA, 2005) seem to reflect fluoride in the drinking water supply


			Sodas  (two brands; diet and regular)  means 0.32 to 0.84 mg/L


			Fruit drinks (two brands)   means 0.22 and 0.71 mg/L


			Bottled Ice Tea (three brands)  means 0.72 to - 1.23 mg/l
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Exposure Estimates Relative to the RfD
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Mean Water Concentration = 0.87 mg/L using the 90th percentile  drinking water intake for consumers only. Other exposure estimates are average values; RfD based on a severe fluorosis prevalence of ≤ 0.5% of the population exposed during the period of vulnerability
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Exposure Estimate: Average Consumers








Mean water Concentration = 0.87 mg/L; mean drinking water intake
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Exposure Estimate:  Systems > 2 mg/L








Mean concentration = 1.76 mg/L; 90th percentile drinking water intakes


Do Not Cite, Quote or Distribute  


EPA Deliberative Document











Inferences: Exposure and RSC Analysis


			A small number of young children have a risk for severe dental fluorosis in cases where the average fluoride concentration in the drinking water is ~0.9 mg/L


			The risk is increased for young children who live in areas served by drinking water systems that occasionally have fluoride concentrations greater than the current SMCL of 2mg/L


			Application of the RSC for children to the dose-response POD results in a value within the current fluoridation range after adjusting for the dietary exposure at the time of the Dean (1942) study. 
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From: Joyce Donohue

To: Donohue, Joyce
Subject: Fw: Please check documents for....
Date: Thursday, May 02, 2013 1:57:27 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:46 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Kelly Sherman/DC/USEPA/US@EPA

Cc: Elizabeth Doyle/DC/USEPA/US@EPA, Jonathan Fleuchaus/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, William
Jordan/DC/USEPA/US@EPA, Wynne Miller/DC/USEPA/US@EPA

Date: 10/26/2010 04:55 PM

Subject: Re: Please check documents for....

The EPA dose-response document comes to the same conclusions as NRC, specifically that the
hypothesis on caries cannot be refuted but that the data are equivocal. No one from HHS asked us to
make any changes related to that conclusion in their comments. Pitting is the critical endpoint because
it weakens the protective function of the enamel

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
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From: Joyce Donohue

To: Donohue, Joyce
Subject: Fw: Updated Fluoride Assessment
Date: Thursday, May 02, 2013 1:50:11 PM

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/
————— Forwarded by Joyce Donohue/DC/USEPA/US on 05/02/2013 01:44 PM -----

From: Joyce Donohue/DC/USEPA/US

To: Kelly Sherman/DC/USEPA/US@EPA

Cc: Christina Swartz/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA, Richard Loranger/DC/USEPA/US@EPA, Wynne
Miller/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA

Date: 12/16/2010 10:31 AM

Subject: Re: Fw: Updated Fluoride Assessment

My concern with changes in the sulfuryl fluoride numbers was not related to Mike's document below.
My concern relate to the values we use (mg/day) in the Exposure and Relative Source Contribution
Document which are based on the OPP May 6, 2009 and July 1 2010 documents from OPP that are
included in our document as appendices. Did the recalculation for the aggregate assessment have any
impact of the 2009 and 2010 documents?

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/

Kelly Sherman---12/16/2010 09:37:19 AM---Sorry - reading my emails backwards. | missed this
one. Wynne - see Joyce's email below. Kelly She

Kelly Sherman/DC/USEPA/US

From:

Wynne Miller/DC/USEPA/US@EPA
To:

Joyce Donohue/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA, Richard
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Loranger/DC/USEPA/US@EPA, Michael Doherty/DC/USEPA/US@EPA

Cc:

12/16/2010 09:37 AM
Date:

Fw: Updated Fluoride Assessment
Subject:

Sorry - reading my emails backwards. | missed this one. Wynne - see Joyce's email below.

Kelly Sherman

Office of Pesticide Programs

U.S. Environmental Protection Agency
(703) 305-8401

Joyce Donohue/DC/USEPA/US
From:

Michael Doherty/DC/USEPA/US@EPA
To:

Christina Swartz/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA, Jonathan
ce: Fleuchaus/DC/USEPA/US@EPA, Kelly Sherman/DC/USEPA/US@EPA, Meredith Laws/DC/USEPA/US@EPA,
' Richard Loranger/DC/USEPA/US@EPA, Steve Knizner/DC/USEPA/US@EPA, Steven
Bradbury/DC/USEPA/US@EPA, Tina Levine/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA
12/15/2010 03:19 PM

Date:

Re: Updated Fluoride Assessment
Subject:

Attached is your assessment with my comments. | need an explanation about the RSC in the Table
that | have questioned. | have no idea of what it is.

[attachment "Fluoride Assessment 14 Dec Revised D382938JMD2.mem.docx" deleted by Joyce
Donohue/DC/USEPA/US]

Let me know if you have any questions.

Joyce M. Donohue, Ph.D.

Office of Water, Office of Science and Technology
Health and Ecological Criteria Division

U.S. Environmental Protection Agency

Mail Code 4304T

1200 Pennsylvania Avenue NW

Washington DC 20460

Telephone: 202-566-1098

FAX: 202-566-1140

http://epa.gov/waterscience/



http://epa.gov/waterscience/



Michael Doherty---12/14/2010 12:56:26 PM---Hi Joyce, Thanks, again, for helping us get the indirect
water issue straightened out. Attached is

Michael Doherty/DC/USEPA/US
From:

Joyce Donohue/DC/USEPA/US@EPA
To:

Jonathan Fleuchaus/DC/USEPA/US@EPA, Christina Swartz/DC/USEPA/US@EPA, Richard
ce: Loranger/DC/USEPA/US@EPA, Steve Knizner/DC/USEPA/US@EPA, Tina Levine/DC/USEPA/US@EPA, Kelly
' Sherman/DC/USEPA/US@EPA, William Jordan/DC/USEPA/US@EPA, Meredith Laws/DC/USEPA/US@EPA,
Steven Bradbury/DC/USEPA/US@EPA, Elizabeth Doyle/DC/USEPA/US@EPA
12/14/2010 12:56 PM

Date:

Updated Fluoride Assessment
Subject:

Hi Joyce,

Thanks, again, for helping us get the indirect water issue straightened out. Attached is an updated
assessment, taking into account my new understanding of what indirect water represents. The
exposure values should now be completely in line with those in the RSCA, except for water due to our
programs' policy differences (we are also continuing to work in mg/kg/day rather than kg/day). Could
you please look the document over and let me know if you have any comments, concerns, etc? I've
also included a document comparison file which highlights the differences between this version and the
one we completed at the end of October, since that may help you focus on things that have changed.

Apparently we may be called upon to have something ready by the end of this week, so if you can do
this in a couple of days, I'd really appreciate it. Sorry for the short notice.

Regards,
Mike

[attachment "Fluoride Assessment 14 Dec Revised D382938.mem.docx" deleted by Joyce
Donohue/DC/USEPA/US] [attachment "Update vs 28 Oct Document Compare.docx" deleted by Joyce
Donohue/DC/USEPA/US]







